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ty o air 


0 5 hs | is ; daviniſhed, 15 as to be ne well in 
tte former inverſely as that force, The experiment, by which this is 
_ ſhewn, is a little more perplexed than the other, and ſomethin more 
attention will be requiſite in order to v nderſtand 1 ed e 
of a tube 50 inches long be held downwards, and mercury | 0 
Anke dou 10 inches of the top: then, if the open orifice is | ** 
ſtopped with the finger, there will be 10 inches of air between the finger  —* 
the ſurface of the mercury, in that part of the tube, which was not 1 9 
| filled with MON: This air, w iy: rf dude is inverted, will ris to-the | 
top, that is, the ſcaled end, for this by inverting the tube becomes the 
aſton he if eb, Plat. XIX. fig. 3, is the tube, 10 inches ef at the 
' topofitinll be filled with air, as long as the orifice b is cloſed with the fin- 
ger. But if, upon immerſing 5 into the mercury contained in the baſon 
a, the finger | is taken away, the mercury will ſink as in the Torricellian 
tube; only in the preſent caſe it muſt ſink lower than it does in the ba- 
 roineter. Becauſe there is no air at the top of the barometer, but in this b 
cper ent there is enough to fill the ſp: e V. And, as this included air 
endeavours to expand itſelf, it will preſs upon the ſurface of the mer- 
cury, and will prevent it from ſtanding at ſo great a height as it does, 
hen there is a vacuum at the top of the tube. Let db, equal 30 inches OP 
or the ſtandard height in the barometer. Then the mercury in this expe- 
riment will ſtand only at the height ch equal to 20 inches. And the in- 
_ cluded air expanding itſelf will fill the whole ſpace ec from the top of the 
tube to the ſurface of the mercury, which ſpace is 30 inches. For if eb 
the whole length of the tube 50 inches, and cb is height of the mer- 
 cury==20 inches, then ec =50—20==30. We have therefore in this 
experiment the ſame parcel of air in two different ſtates of compreſſion: 
in one of them it fills the ſpace ef or 10 inches; in the other it fills ec or 
30 inches. Let us next enquire what the forces are, which compreſs it 
in theſe two different ſtates , and what proportion they bear to each other. 
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the weight of the atmoſphere. The whole weight ofthe atmoſphere —, » i 
preſs upwards againſt þ 


t, and the weight 
der 30 and 205 b is 20 


A3 eee to the weight of a column of mere a 


Mo when the compreffing force is equal to 301 


1 es of the tube; and when the compreſſing a 
* | es of mercury the air fills 30 inches. Th 
4 preſſing forces are to each other as 30 to 10, the 4 


A DO other as. 10 to 3o, or as theſe forces in 
I ſame in all other inſtances. For as much as bd tl ſtandard beight of 

efling force, is greater than cd the diffe- 
t in this exper x ; 


_ than the; com — force i in the e 
4 which a given parcel of air ordinarily fills, 
=. fills in the experiment, Therefore, uni 
wo | fills encreaſes as the compreſſing force dim 
| given quantity of air fills is always 1 inv. 
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ry k . 50. The denſity of the air is proportional to the force that compre let . 

I - Tds which a given quantity of air fills, has roved in the 
tt propoſition to be inverſely compreſling force; or, which a- 
| 2 mounts to the 


ul 


: ame thing, the comprefling force is inverſely as the ſpace _ 
; which a given quantity of air fills. And it is evident, from . = 
| that the denſity of a given quantity of air is likewiſe inverſely as its bul =- 
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is owing to their 
yas! the diſtances between the 
YrOVe nne that Han 
3 Ber, mul at 


fion, of which air is found to be capable, n che old n 
is opinion and then leave. it with the — to make his own 
conjectures, whether this or the other is the bable. If che par- 
ticles of air conſiſt of ſeveral branch which le as other elaſtic 


ge reſtore themſelves; or if they confiſt of an elaſtic ſubſtance, like 
pring of a watch, and each of theſe i gois rolled up into af 
is figure and qua articles . 


upon 
the — ſpace 

The air in a diving- bell is com by the weight of the atmoſphere, 
before the bell is let down into the water. But when it has ſunk 35 feet 
below the ſurface, the air contained in it is compreſſed by the weight of 
the atmoſphere as before, and by the weight of 3 5 feet of water beſides, 


which is equivalent to another atmoſphere. Therefore the compreſſin 


2 
force at this depth is doubled, and conſequently the air in the bell will 
then be twice as denſe as the common air, that we breathe. As much 


12 | | EE * 


Saw — aut accounts dener for the 


N 
1. +3. 
W. by » 
* * 35 * 
+ EY 
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"nl the d x, ooly Wy of it, b y N 
__— vil 1 es the compreſſing f d, the ſame quantity of air will be re- 
. . oy Feat balf ins el — For this reaſon the water would n 
Neo the bell: through the baſe or bottom ofit, which is always pen, 
| would fil the other half of it:; if there was not a contrivance for 
=  _* ing down additional air e to force out this water and to keep tl 
_=_ *- le capacity of the bell full of air. However the air, which fills e 
—_ 4 the depth of 3 5 feet, have twice the denſity that common air r has, : 
_— . at the depth of 70 feet, where. it will be a by by 
= another . re it will have triple. the denfity of o common. r 
Wo I ſhall here f give a ſhort account of the contr 1 ging down 
additional air to oche diving- bell: becauſe it will ebay ſhew, that Ha 
__. veſſel full of air is ſunk into water, and the water communicates with * 
1 tte air in the veſſel, then the preſſure upon that air will be ſo wurf — 
_ : - greater as the veſſel is ſunk farther below the ſurface of the wate 
C )ontrivance is this. A barrel is made uſe of, which has ot | 
3 in the lower part of it, and another in the upper part. A leathern pipe is 
RR. _ faſtened to the hole in the upper part, and this pipe is ſo long that, when 
_” it hangs down on the outſide of the barrel, its orifice reaches below the 
bung hole in the lower part. If this barrel, by the help of weights faſtened 
_—- to it, is made to ſink with its bottom downwards, y preſſing 
=, ſt the lower bung-hole will condenſe the air ee in the bas: 
=. rel: for, notwithſtanding this preflure, none of the air can eſcape through 
3 the upper hole, N it is kept in by a greater preſſure againſt the ori- 
1 fice of the leathern pipe which hangs below the bottom of the barrel, and 
3 conſequently being deeper in the water ſuſtains a greater preſſure than : 
_— Rs againſt the lower bung-hole. If the barrel is let __ in this 
_ HR maanner, till it gets below the bell, and then the end of the leathern pipe 
OA. -M lifted up into the bell; the lower bung-hole will then be mo 
_» — than the err of the pipe, and therefore the air contained in t 
__ will be driven up through the pipe, and will'be received into the bell. 
2, And becauſe the barrel is deeper in the water than the bell is, the water. 
will preſs more againſt the baſe of the barrel to force the air out of it than 
it does againſt the baſe of the bell: for which reaſon the air will ruſh out 
ka of the barrel with force enough to drive out any water which had riſen 
e into the bell, whilſt it was deſcending. 
By the ſame contrivance, freſh air 1s brought = to the bell as often 
f 8 as there is occaſion for it. The air, which has been heated by frequently 
I Preathing it, is let out through a ſtop- cock in the top of the bel, and riſes 
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weight 
ie atmoſphere higher up, or at ſome 
a leſs foros. eit bears 


denſity 
at the ſurface, 


air which preſſes upon it: 1 
s, as much as the incumbent column 


the top of the receiver, P Tat, X 175 and a perſon cloſes it 
palm of his hand. I s the erbeten is 

— 
ved , whilſt a2 extern 


0 ga 0 +, 


V 


of it: yet it ma 


ing the upper and 
lower parts, as the back and the palm, of the hand cloſer together, and 
ſqueeze a perſons hand between them juſt as it would be ſqueezed between 
the two. cheeks of a vice. In anſwer to this, we muſt obſerve, that the 
hand is not preſſed by two forces only, of which one acts upwards and 
the other downwards, for the air prefſes.equally in all directions: and 
therefore the ſides of che hand are preſſed as much as any equal ſurface 
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at > he mean leſa, when it is firetched out, 
cloſe to the body F 
an Bp yn ty it! 9 equally preſſed pp 
h 1 N 
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1 j 


n its vertex or point i is up 
an equal column of air in both caſes: a8 is evident 
of Plat. XVIII. fig. 1 1. The column of air, which pi 
s, when its vertex is upwards, has LV its baſe and i is 8 b 
2s the atmoſphere, And if the bottom. of the cone or LV was 
it would be preſſed by a column of the e baſe and hei 
= of the cone, if it was encreaſed by tt 
7 in either ſituation, But fince the preſſure upwards i 18. 
the preſſure downwards, theſe two equal and cont y forces will deſtroy 
each other, and will leave the weight of the cone the ſame 8 it would 
be if it was not preſſed at all. When I ſay the rr, of this or any other 
body will be the fame, notwithſtanding the preſſure of hen air, as if it 
was not preſſed at all; I neglect what was proved in propoſition : 28. A 
in fact the weight of a body inſtead of being enereaſed by the airs preſ- 
ſure is diminiſhed by it. For the air preſſes it more po anden. 
wards, juſt as any other fluid would: and the body, in conſequence of 
this unequal pref! ure, loſes the weight of as much air as is 
to itſelf, D | wilt ono dere 
That the airs weight will be felt upon removing the preſſure 1 yg 
which ſupports that weight, has been obſerved already in the caſe of a 
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fire-en « oP, Plat. XIX. fig. 48. is ſuch an one as ſpouts wi 
a continued ſtr Theſe engines conſiſt of two forcing 
and QK. We will confider wa of theſe prongs ſeparately, F is the 


or forcer of the ike the ſton of a 


OE 
f 5 


1 1 a grate that e it from the ſoil, ſuch as es or ſmall pieces 


the: two pumps. 8 is a braſs 
or pipe Eis faſtened, and V is a ſhort braſs pipe at the end of the leathe 
5 One. ; bh! der 


che al ir from the veſſel MN cannot get into this vacuum ; becauſe by its 1 
wa will be prevented. This | is the manner in which the water WD ” 
ter, after it is raiſed, we will next conſider the pump . Suppoſet 


ume time by being preſſed likewiſe againſt the valve I it will open 
valve and will be driven into the veſſel MN. Now each of theſe forcers 


turns upon a bolt, one at D, the other at E. This bar turns round upon 


vrhere the piſtons are joyned to the bar. It is plane from an inſpection 


RR 
White opens into the eſſe} MN; when 
6 vas the valve 1 belony ging to the other 


1251 Is repreſented VI NF 
is poured into the tub or ite engine = 


o 
— 
8 5 ago Me 


f wood or ſtones, Which would hinder the valves from moving freely 

I ſhutting cloſe, if it was not thus ſtrained, The veſſel MN is ſtrong Ws 
cloſe every where, except at H and 1 where it communicates W. 
pipe, at the top of which the leathern trank — 


the piſton F is riſing from G towards R (it leaves a vacuum 
low it: and conſequently the valve & will open as there is no preſſure 
n it, phery the water will riſe out of the veſſel into this vacuum, as it 
| into the barrel of a ſyringe, by propoſition 86. In the mean time 


prefſure againſt the valve H, this valve will be ſhut, and its paſſage this | 


into either of the pumps. In order to ſee what becomes of the Was 
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fork IHE put e denn fled Hh iter eee de 

ribed: then if the Trop L is puſhed downwards from Q towards K, 
water will be preſſed againſt the valve K and will ſhuts t: but at the 
this 


are joyned by means of an iron rod to the bar AB: each of theſe 


* 


a center of motion at C, fo that CA and CB are two levers of the ſecond 
kind. The men, who work the engine, act at A and B; C is the ful- 
crum of eachlever; D and E, which are reſpe 


ively between the men 
that work or the powers that are applyed at A and B, are the places 


of the figure that when one end A of the bar riſes the other end B will | 
fink, and conſequently if the ends of the bar are alternately lifted up and 
pulled down, thetwopiſtons will be alternately lifted up and puſhed down. 


But when the piſton riſes it draws the water into the pump, or howe- 


ver it makes a vacuum and the preſſure of the atmoſphere makes the wa- 
ter follow it. And when the piſton is puſhed down it forces the water 
out of. the pump into the veſſel MN, Therefore whilft one pump is 
drawing, the other is forcing, As the water is thus forced into the 
OR it will frſt drive out the: air man the pipe 8, till the ſurface 
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LPHILOSOQOPHY. - 1 9619 
_ er 0 don e even with 8: but afterwards 80 vir can pid 
through 8, the force, Which drives the water into this veſfel and 
mates it riſe above'S; will condenſe the air or ſqueeze it into a ſmall 
 _ compaſs at dhe top N. When ſo much water is got into MN that the 
water and. condenſed air quite fill the veſlel, and the moment or im- 
puls of the forcers can 9 the ait no Farther ; then if either of the 
Bo 4 F is driven 0 e in theſe citcumſtances, it will puſh the water at 

e pump into the veſſel MN, as befote. But now. the veſſel will hold 7 
4-1 more, and © conſequently. whatever is the quantity of water thus pu 3 
ee into the yellel, the RG e will POOR ee e eee e 
wech the pipe ETV. Ba Ri it 3; 
ä ae 2 1 ea that this Aixam con only muſt i. 6 
. v, whilſt one of the forcers or piſtons is deſcending, And conſequently 
FT if there is the leaſt interval between the alternate deſcent t of the for ers, 
he ſtream might be interrupted or might not be a continued one. Thus Wi 

for inſtance; when the men at B have drawn their end of the bar down, 
te ſtream, © as it is driven out by the forcer L., ill ſtop and de 
| any rigs! prong grein driven er the other cel ll down Ee 
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Fn 45 out by Wine 0 means sbeßdes the deſcent af the ö Now . Aj 
we haye/ſeen already that the air is greatly compreſſed at the top ofthe 
veſſel MN: and during the interval between the alternate deſcent of tine 

forcers, this air will endeavour to expand itſelf by its own elaſticity or 0 
. ing, by propoſition 47. But the compreſſed air at mu ip eſs u — 
1 * ſurface of the water in the veſſel MN mote forcibly, external 
air through the pipe VTP preſſes upon that part ek Gas ſurface, 
which is within the pipe S. Therefore the ſpring af this air at M will 
.. © drive the water out through the pipe PTV and will continue the — : 
| during the ſhort interval between the alternate deſcent of the accent 

I The fire- engine FE, Plat. XIX. fig. 11, is the comman ſquirting o 

Such engines nfiſt of one lifting pump LTS. L is a valve that opens 
upwards. M is a moveable valve that opens upwatds too, and is faſtined 
by means of the iron rod PM to a ſtrong frame HKNO. This frame-is | 
joyned by bolts at H and K to two levers of the firſt kind HGC and KID. 
G and I are the reſpective centers of motion of theſe levers, and the men, 
work or the powers are applyed at C and D. The water is poured into 

the tub F E through ns that ſtrain out the fall. And the pump is 
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an air- pump and 
common ſucking pum 


through the ſucker into that ſp 
ſphere from above will ſhut the Il ſtop up ic 

middle of the ſucker, But as the ſpace DE is thus emptyed, there will be 
42 no preſſure at all upon the valve E; and en no preſſure at al! 5 
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| thus aken off from de in the veil fe it NN 

n ſpring, will foree open-the valve, aue 915 
the cavity of the veel, butthe whole f AG 1 . "By this m 
re Air out, the i ap is druff dow 


* A 
74 De will not i a 
5 M ! ; * 72 5 
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ee 1 by thruſting it down- | 
ard. upen e e piſton de open this valye and 
U rife through it. When the . up the ſeco1 

1 a vacuum will be made, as before, in the ſpace DE; and the air 
ia ke will: ain ex and itself by its left ty, when the compreſling for 
E o the ſpace DE, a 
che air, which he ea _ will dilate itſelf and fill bot] 
| "the reſet andthe ace D E too, and conſequetitly there dap, en 
op the firſt time, 


ee e ee Wit bp {Hoc 
much of the remaining air as will fill the fame [IF 


hatever air renzined | in the veſſel, as much of tak rem | 
. ieee drawing up the piſton as will fill this ſpace D 
N * this time the rider th may fee that tis fluid, unleſs it was * 
auſted in this manner out of a. cloſe veſſel FG. If this veſſel 
- was filled with water and there'was no otifice but at M, where the pump 
7 is ſore wed on, though a vacuum was made; in Dx by drawing up the 
ſucker, yet no water would rife out of the veſſel into that vacuum. For the 
water is raiſed into a vacuum, that is made over any part of its ſurface, by 
de preſſute of the atmoſphere upon the other patts of its ſurface. 'There- 
|  forefince, if the veſſel is a cloſe one, the external air cannot preſs upon any 
part of the water contained in it, no water will riſe out of the veſſel into 
the vacuum DE or into the barrel of the pump, Now no water can be 
pumped out, unleſs it firſt riſes into the pump; and conſequently no Wa- 
ter could be pumped out of a veſſel, that had no communication tion with the 
outward air, But if the veſſel FG is filled with an elaſtic fluid, ſuch as 
air is, then though it is a cloſe one yet 1 making a vacuum in DE the 


air will riſe into that vacuum. For it does not want the preſſure of the 
outward air to raiſe it, but will ate 


* which at firſt fil 


only the veſſel FG, will air it 


1 6 5% 16 15 7 8 15 
he veſſel. ng or- 
7 * out. br a veſſel into the h ſpace 
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d itfelf by its own elaſticity ; ſo 
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the valve D, as has been already. deſcribed. The ſecond time the ſack 


whole will be drawn out of the veſſel by the fourth aſcent of the ſucker; 


before any aſcent of the ſucker, there would be always z that bee 
left! in it after the aſcent, + 


The ſame would be equally true in al other inſtances, For the air, 
which the pump exhauſts at Oy - aſcent of che incker;1 is not a certain 


part 
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3 "uh , that this quantity wo air Uhally 
_— - Als: ME: 0 pro air, "that was in the veſſel, Will riſe, into the 
A Pump DE, where the fucker left the vacuum for it to riſe into; ſo that 
„„ original quantity of air Will be left in the veſfel. When the 
. kicker 3 is thruſt down again, what air had riſen into DE will riſe through Ha 


| drawn up; the remaining air in the velfel, Which is now only; the 
= original quantity, will expand itſelf ſo as to fill both the veſſel and 
" © © the ſpace DE. But the veſſel FG, and the ſpace, DE. together, make a 
1 ſpace double to FG alone. "Therefore this remainder ;by the ſecond return 
' of the ſucker is expanded into double the ſpace. FG, and conſequently : 
| of it is left in the veſſel and: of it riſes into the pump DE. But ſince : "He 
the whole quantity was drawn out of the veſſel by the firſt aſcent of the ; 
ſucker, and only 3 the remainder is drawn out by the ſecond aſcent, it 
| follows that only : of the ori iginal quantity is drawn out by this ſecond aſ- 
cent. age after the ſecond aſcent the remainder will be like- 
i wiſe ; of the original quantity, The; of this remainder will in like 
== manner be drawn out by 1 03 third aſcent; and the other half will 
ſtill be left in the veſſel. But the ; of , or of this remainder, is j of the 
Whole. Therefore by the third aſcent of the ſucker ; of the whole 1s 
drawn out, and; is left behind, The of this eee or ; of the 


and the other! : or 4 of the whole will be left behind. And thus we 
might continue pumping for ever without exhauſting the veſſel ſo as to 
make it a perfect vacuum. Becauſe whatever air remained in the veſſel 


Wh "I ſacker.. "Conſequently, chere can, be no particular * 


e 1 me ow” 
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wins 2 


then the othet, the 


8 if i ein was > any 4 air ren 


by uſing two air-pumps together, as in Plat. XX. . 
die as and aa; the communicate at the b. dottom with the v 5 
bh runs up from this veſſel into the receiver 0000. 55 ſtems of the piſtons 
or ſackers are. c and c; en 
and at F there is a pinion or ſmall wh 


thruſt down and the raiſe each of the fuckers. By this 1 
will be exhauſted out of the veſſel dd, the hy Bb, and the receiver 
| e000, Which, as they communicate with one another, may all togethe 5 
be conſidered but as one veſſel, The receiver is.open at the bottom, and 


| enough without holding. The principal advantage of uſing two pumps 


+ 
8 
* © 
4 7 
+ 
FT 


| fucker I chreſt down, there wi de r, eee, 


We tucker aſſigned, which will 0 9 the if 
icular aſcent the veſſel is 75 oſed to be 5 | 


; abet, there will be ſome part remain 9-08 it. Therefore thp e w i 
N is s aſſigned, Will not abſolutely exhauſf the veſſel, |. banc; 


it: +380 


Ther convenient way of exhauſting th 


a of theſe i is a rack, or hi 


t 1 on 2 de 'N 
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of theſe. racks : ſo that? he winch 
he pinion: by dh in the. 7a 


this 2 rt is placed uy 


pon a wet leather at 77, which is ſomething big- 

- Be bottom. If the receiver is held down pretty cloſe to 
her r none 5 the 3 air can get in round the edges: and after a 

| little air is exhauſted the preſſure of the external air will keep it down cloſe 


in this form, beſides that of doing the work ſooner with two than it could 
be done with one, is as follows. When t the ſuckerofan air: pump is 7 
the perſon, who works it, muſt lift a.column of t 
of which is the ſucker. I his will not be very difficult at 
| fpring of the included air will, by propoſition, 48, "be nearly equal to this 
weight, and conſequently. he will feel but little of the weight. But when 
the veſſel is almoſt exhauſted, there will be but little {pr ing in the! remain 
ing air, ſo that he will have the weight to lift with little or no pk =o 
Now by uſing two pumps, in which the piſton of one is deſcendin 
whilſt that of the other is aſcending, the weight of the atmoſphere, which 
preſſes upon the deſcending one, will in ſome, meaſure balance the 
weight upon the aſcending one: and conſequently he will find it much 


. difficult to work two N chus contriyed, than to work « one Fan 
one. 


e atmoſphere, the b 
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3 LSD | _exter o ar m 2 n | 1 5 OU | th Hole into the vacuum DE: 


weer which ede through it into be! 
die dae E in is | 8 veſſel FG, as b 
3 FR aa throupl K, 
= F. And as an unuſy N 
=_— the air in that muſt be condenſc 


5 _ ways as a de this, n ſome cupping glaſſes, ſuch as have a ſmall orifice 
F_ | at the top covered with a valve, the vacuum is made, after the gla(s'is 
|  applyed to the fleſh, by an exhauſting ſyringe, which | is nothing but a 
air-pump. In other cu cupping laſſes the vacuum is made by burn- 
nece of tow in it, and applying it to the fleſh, whilſt the tow is 
9 he fire will go out the very inſtant that the glaſs i is thus a apply- 
. d: and ſince the heat, whilſt the tow was burning, rarefyed the air and 

3 by that means drove moſt of it out of the glaſs, when this rarefyed air 
cools again, there will not be cnough of it to fill the "glaſs, | wh va e 
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=: - .- bottoms are equal, 
N sSaA2l sche ſquares of the times, in which it is deſigned they ſhould reſpectively 
empty themſelves. The bafes or bottoms are equal, by the ſuppoſition, 
—- and conſequently the quantities contained in the veſſels will be as their 
. heights, Euc, b. XII. prop. 1 1. But the quantities diſcharged 
Fo times will be as the ſquares of the times, by the propoſition now befor 
. us. Therefore the heights of theſe veſſels muſt be as the ſquares of the 
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fav cylindrical veſſel have equal heights, equal bottoms, and a an 
ehual bole in their reſpective bottoms ; one of them will d. 1ſcharge 
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* 3, with an Pie hole F in their reſpective bottoms, then ſuppoſe 
that, as the water runs out of one veſſel at the bottom, there is a 
WE -  conftant ſupply of water poured in at the top, fo as to keep the 
veſſel always full, but that the other having no ſuch ſupply runs till it 
is quite empty. The water will continue to run with the ſame or an uni- 
form velocity out of the veſſel, that is kept full, from the beginning of 
the time to the end of it, by propoſition 144: becauſe as the veſſel is al- 
ways full the perpendicular height of the water above the hole, and con- 

uently the ſquare root of the perpendicular height will be the ſame, 
during the whole time. But the water will run with an uniformly re- 
tarded velocity out of the veſſel that emptys itſelf, by propoſition 161. 
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tube i is ſuch that the water, as it comes out of the hole 1 
gin to move cularly upwards i in the direction HK. Now the wa- 1 
ter as it comes out at D has a velocity, tha will, be ſufficient to 
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ndicular t HF or to the level EF © ft | 


"The velocity that a | heavy body would acquire in falling iealy: from 


the ſurface of the water to the Fig bs the 2 50 F to D, would 
the body was chan to carry it up to : 


\ be ſufficient, if the direction o 
the ſame perpendicular height from whence it fell, by propoſition 115 of En 
mechanics. But the water comes out of the hole D with the fame velo- 
would acquire in from the ſurface of the 
"water to the pla ce of the hole, or f 
Therefore the — ſince it is a heavy body, bas ſuch a velocity as is 
ſufficient to carry it up to the height DF, or to the ſame height that the 
n d oa EE non ones. 
The propoſition would be e vally true, whatever was the length 
Df, or however diſtant the hole, where the water ſpouts, is from t 
reſeryoir or veſſel ABCD. Such artificial } jets of ſpouting water are. 
led fountains : and from hence we ſee the reaſon, why the jet wil 
ver riſe higher than the level of the water in the reſervoir, It would al- 
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„ 2 of the fluid in the veſſel is given, the greateſt h 


« fluid: puts obli wely, if the d 
* the fluid in the veſſel is given, the | 
the ſtrea all ſpout, will 6 equal at two 
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dicular diſtance of the hole from che ſurface of he 


85 ty of the fl eam is li | 
| | projected obliquely. 
| at two different elevations, provided 
8 di er equally from half a right angle, by Propoſition. 149 of mec 


SY 74- When a fluid. ſhouts obliquely, i if the diftance of the bole 
rontal diftance 
T which the flream will. ſpout, is double the greateſt height, to which 
_ it would baue en, 1 Fit had fouted perpendiculariy with the / 
When the dicular diſtance of the hole from the ſu 
water in the veſſel is given, the velocity of the ſtream is likewi N 
poſitions 144, 1 54: But the ſtream is a heavy body projected oblique- 
Therefore the random, when the elevation is 45 degrees, w 
opoſition 172, is the greateſt random, will be double the height, to 
which the ſame ſtream would riſe, if it was to 0 perpendicularly out 
of the ſame hole, by propoſition 1 50 of m 3 
Nov if water ſpouts perpendicularly out of; — hole in a veſſel, t 
greateſt height to which it will riſe is the perpendicular height of the wa- 
ter in the veſſel above the hole, by propoſition 168. Therefore if the 
ſtream ſpouts obliquely at an angle of 5 degrees, the horizontal diſtance, 
bs to which it will be thrown, or the random, will be 


height of the water in the veſſel above the hole, 2s 5 


given, 


— 


* - 


5 | provided thoſe elevations da Fer equally from ha If 4 right angle... 


equal to twice the 


a 
# 


N 9 . 
: 0 : 
1 — 
N 
3 
14 
3 
5 
— * 
F 
* 
* 
5 
- * 
4 
4 
3 
1 
} 
| 
— 
4 
4 FT. > 
* 
5 £ 
— 
* 
24 
14 
1 
Ll 
U 


en 


* 2 
4 a 4 
. > G 
* * » — 1 pre 
= wo 4 oy 
wat = 
2 ; n 
1 Shs 5 
— , 3 
*. * x 
: * A W 
* * a8 5 
1 % * * 
* 5 E \ 4 
#3 2 » 
8 1 *\ 
1 1 F 
» 5 Fs ; 
- N NN 
3 L 8 
2 o 
* 
2 
AC rs 
wh 
K 1 * 
* 
% 
_ 
— 
1 
9 * 4 2 a |; | 
"Iy 2 , * 4 $ 1 
f 7 
Y , TE. 1 N 0 * 
i G * , 
kh Y - k 0 
$2 * : | 5 \ Y \ 
1 F % : 
"ol .4v * : ® * 
* N 
s ; * u W * 3. 
— 7 » ? 4 
* 2 | 
OY 1 . | 
F * 
* ” — 
8 ** 
. > 
N - 
LEY 


| pogo _ 


„ any hole in the bottom or fide of a veſſel is as the perpendicular height f 
e che water in the . bove the hole, by 8 | "0 
ſince the 5 
ä 
| E. . 
adered he caſes of ſpouting fluids, only where the drives t 
out, is the preſſure of the 5 contained in the veſſel. from whence . 
| ſteam ſpouts. The water is projected out of fire | 5 
of the piſton, and not by the ure of the water in the tub. There- | 
| poetry ve regent las wo gant poke 1 rl 
| determined by theſe rules, but by thoſe explaned in 
nis: ſo that the diameter of the circle determining the . 
doms of ſuch ſtreams is not to be the perpendicular depth of f 
in the engine, but is to be the height from whence a heavy body muſt 
fall to acquire the velocity of projection, or the velocity, with which te 
| _  iream sdriven out by de f 8 
176. When a | fluid ſpouts horizontally out: of any bole in t : 5 


gat is full, if the fide of the veſſel is made the diameter of SOR. 5 1 
And a line is Town perpendicular to the fide from the hole to the cor - 
cumference, then the diſtance, to which the fluid will ſpout, will 7 1 
double this perpendicular. Br a ro for nay . 
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11 AB, Plat. XX. fig. , is t ie fide of a veſſel, that is filled: with wa- 
ter, and a hole is made any where in the ſide of it, as at e, then make 
AB the diameter of a circle, and draw ed, which is a line perpendicular 
to the ſide of the veſſel, from e the hole. to the circumference at d, 
| then as the water is driven out of the hole at e, fince there is no pipe to 
make it riſe perpendicularly, it will ſpout horizontally, and BFE, Which! 
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= | fince the number of rings is a 25 
_ coluran would Os to move | 
= Þ_ the moment 4 which | 
gin to fall, would be as 
a force that is | Ft oportional to the baſe of : 
| : and conſeq ently, if this force of attraction is ſufficient to ſu f 
water in the ſimple tube I it will be ſufficient to ſupport it to | 
W's me hei at in the compound tube ec; becauſe though the moment 
af water is greater in the compound tube than in the fimple one, yet f 
| ; moment of the attraction that would act upon it, if it Nele to begii 
| is greater in the ſame proportion. r ee e 1 
| Tlhhis method of reaſoning is applicable to a compound tube ig that 
| leffer at the bottom than at the top. The water, if it was to fa out of 
* the compound tube b, or out of the ſimple one um, would begin to 
| move with the ſame velocity at the bottom of each tube, by propoſi- 
| tion 144; becauſe the perpendicular height is the ſame in both. But 
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the 8 uantities diſcharged in equab times at n and 5 will ws as the 
| baſes; by propoſition 148 +" andthe ſurfaces m and : fink proportionally 
1 the quantities diſcharged.” Therefore the velocities, wit which wer © 
ſurfaces fink; or the ſpaces, which the tops of the columns deſeribe, are 5 = 
as the baſes.” But the number of attracting rings, which thoſe Ares 1 
would paſs by, in a given time, -as they fink, are as their reſpective velo- 
cities: and the moments, with which they would be attracted in 1 
are as the number of attracting rings,” that they paſs by in a given time. 
Therefore the moments with which the columns would be attracted, ir” 
they were to begin to move, would be as their velocities, that is, as the 
baſes of the tubes. From hence it follows that, as the force, with: which 
the water is attracted i in the fimple tube n prevents it from falling; be- | 
_ cauſe the attraction is equal to the moment with which it would begin 
to fall; fo the force, with which the water is attraCted in the compound 1 
tube th, will be only juſt ſufficient to keep it from falling — 
hy though. the moment, with which the water would begin to fall, is less 
in the compound tube than in the ſimple one in pro We as the baſe is 
i, Nag the * at the top a the column 1 is oak in 15 ed kc 
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- the tube is 8 in a A en, f taker rare run 1 nen oe er 
end of i, | - 
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Ika capillary tube that is igaticat i is laid in a 11555 Mtal p Sion = 
water runs only a little way from the end towards the middle of the 
tube by propoſition 203. But if the bore of the tube is conical, the wa- 
ter, when the tube is laid along horizontally, will run quite to the ſmal- 
ler end. In order to ſhew the reaſon of this, we muſt prove that the 
water is attracted more forcibly towards the narrower end of the tube 
than towards the wider end. 
When the water has aſcended into the tube, and the tube is firſt laid 
horizontally, there is a larger ring of glaſs at the wider end of the co- 
lumn of water, than there is at the narrower end, as is plane from the 
figure of the tube. And upon this account the water will be more at- 
tracted towards the wider end of the tube than towards the narrower. 
Call the diameter of the tube at the wider end D and at the narrower - 
end d. Then theſe rings, and conſequently their attractions, if all other 
circumſtances are equal, will be as D to d reſpectively, by what has been 
ſaid under propoſition 201. But the velocity of the water at each end 
of the column will be inverſely as the Krim of the tube, by propoſ iim. 
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dies, ſuch as the ſun, moon, 
And as this ſcience explanes both the manner, in w 
bodies are moved, and likewiſe the natural or phyſical cau 
motions, we may divide it into two parts. One part is called pure al 
nomy; and the other phyſical aſtronomy. In pure aſtronomy we eit 
conſider the manner, in which the heavenly bodies appear to move, and 
from thence determine what their real motions muſt be, in order to pro- 

duce thoſe apparent ones; or elſe we reaſon the other ſuppoſe ' 
what their real motions are, and then. eſtabliſh the truth 
ſition by proving that ſuch real motions will account for their apparent 
motions, When the manner, in which the heavenly bodies are moved, is 
thus ſettled, we proceed in phyſical aſtronomy to ſhew from what cauſes 
theſe motions ariſe. Undeg one or other of theſe heads we ſhall have 
occaſion to conſider the light, ſhape, itude, and Guantities of matter 
of the heavenly bodies, „ © LIN 
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10 The ſolar ſyſtem conjifts of the fun, fix pr imary planets, ten ſecondary 
; Planets, and the comets, EEG: = „„ , e 
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em, are mer- 


2. The fix primary planets, according to the ; opernican 

arg, venus, the earth, mars, jupiter, and TP aan 

The ſun and theſe planets are ſometimes expreſſed by marks or cha- 

racters inſtead of writing their names at length. The characters are tl 

| 5 2 mercury; 2 venus; 5 the earth; & mars; 1 jupiter; 
Þ laturn. ö — 5 


| 30 #73; - » 


0 SS; 4 r . e 8 
- p y £2 #33 * 
' | * 


* 
= 
— 
* 
- 
* 
- 
* 


TY 
% 
ww 
- N 
+8 
-< 
E 
4 
1 
l 
* 
Pa 
7.8 


= 
* 
Jl 
- 
A 
- 
x 
L 
— 

« 

1 
Xx 8 

o a> y 
W 
. 
f 
1 
7 
4 * 
* VR 


A 8 o = 3 * — { WT FUE 
| - Dt | TL LOI n R „ r 5 ets * 
N n — N >! A Wa N 
. * Q ef + X wh wh 7 Y = * > v3 * N 
9 Oy oo 4&4 1 * Y 3 8 _ ID 
\ 8 a * bes N * n 2 be * N by _ 
714 * * « * d & 7 wx jv 7 * % * ” 
N 0 * 1 
N b x 3 * *. * 7 \® 3 
2 1 * * 9 * 982 " F . 3 
4 ö 1 5 1 1 * 
A 1. * A 2 3 
6 < | Ko q x * % 4 - Wr * 
. WF 1 * I % y F Ts 1 1 1 
0 * * FR \ Ky 4 4% 
"= ab I E 2 8 > bs . 
WO ' * * of F 1 2 5 PAS. 
= + b \ 4 2 N 8 2 * IN by 
38 £864 . 4 
1 * = * 
7 L . % os 
4 1 \ 
. ; 8 F 
% . 2 1 
3 5 4 * 4. 
Ma: ©; * 75 1 7 1 * 
7 bac \ 9 2 
3 3 0 "+ 3 * 1 
7 . i 1 * ov 
* * * 7 Y « f 4 
8 — * 
1 


Ä. EE Ed INS 
1 8 vor _ TEES INIIED I 
0 * 
* el 
2% 
- 
FIVE % 
* 
* — 
„ 
# 
* 
* 
— 
3 
3 * 
* 
£ * 
* 
* 
— 
. 
* 
* 
4 
4 
0 
— 
RA 
* 
- 
* 
2 
- 
* 4, 
8 


* 3 ů — 
. 


_ . E N "The fixed ars have no motion in 2 of one another, 
WS... 1 o if the ſame plates. But the pla tering {hes 
3 | hy are ſometimes ſeen in one = 
5 4 4 another, The fixed ſtars are ſo remote whey in Wee of their re- / 0 
_ moteneſs their apparent d diameters are 1 ſmall, that every ſmall particle ict ws 
”  _ - _of duſt, as it floats in the atmoſphere, 3 intercepts their light: and as their 
_ * is ſo frequently ſeen and int d by turns, thi ar totwinkle. |} 
=_ But as the planets are nearer to us, their apparent magnitude is ſuch thalt 
=: I _ thoſe ſmall particles of duſt will not i intercept their light: and conſequent- 1 
. 5 their light not being ſubject to the ſame i Ne with that of toe 
ISIS | Fixed ſtars will be more con nt and fc ö 3 
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rcondary planets are the moon, which i is the earths ſatellite; „ 
aur moons or ſatellites, that move round Jupiter; and fue, that monune 
1 Chi er D is ſometimes uſed for the moon or ſatellite of the 
A earth: The other nine ſecondary planets are not viſible to the eye with. 

AA out View e- a teleſcope: and there are no aſtronomical marks'to. | 
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AI of comets belonging to the ſolar Fiftem is uncertain. N 


Bs 5 The comets move round the ſun in orbits of ſuch a ſhape as carryes them . 

cd. greatdiſtances from us. When they are at their greateſt diſtances, ve 

5 cannot ſee them even with the help of teleſoopes; and their returns into 
„ neighbourhood are not frequent enough to determine their number. | 


| 6. The h 72 of the world conſiſt of the ſolar ſyſtem 45 all the other heaven- | 
: Ly bodies in the univerſe. 15 eee e Wo 


Ik᷑ is conjectured, not without ſome appearance of probability, that, ; 
af as the ſun has a number of planets and comets moving round it, ſo every 
ſteed ſtar may be a ſun to a ſyſtem of its own and may be attended i = 5 
1 the ſame manner with its planets. and comets. When we ſpeak of the 
5 ſyſtem of the world we include all theſe, we mean by it all the bodies 
in the univerſe, the ſun and all its planets and comets, and the fixed ſtars 0, 
with all their planets and comets, if they have any. * 
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I x: 7 the Cop pence OY 155 A: oo * i Le is . 


Wy es, are carryed with their pri maries round the fun. 
5 the ſyſtem of Copernicus we mean the opinion, of Copernicus« on 
are placed in reſpect of one another, and the manner, in which they 


XXI. fig. 1, repreſents the ſun, this is to be c conſidered as the center of 
the ſyſtem, and the fix primary planets perform their revolutions round 


volve round their Fan 8 5 attend them ; in their n motion ed the 
ſun, . 


The 1 prin I 4 . ih 


preſented i in its orbit at a, venus at 5, the earth at # with the moons orbit 


orbit from ? to g, ſo as to get half round the ſun, the moon k 
with it and will have gone half round the ſun too. In reſpect of t 


volving in its orbit d round the earth. In-the fame manner the fatellites of. 
Jupiter revolve round jupiter, and the ſatellites of ſaturn revolve round 
ſaturn; but at the ſame time theſe latellites revolve round the ſun e 
with their reſpective primaries. 
We could not repreſent the proportion, which the diſtances of the pri- 
; mary planets from the ſun bear to one another, within the compaſs of 
this ſmall figure. The reader will have a better notion of this proportion 
from the following numbers. If the diſtance of the earth from the ſun. 
is divided into 10 equal parts, the diſtance of mercury from the ſun is 4 
of thoſe parts, the diſtance of venus is 2, the diſtance of.mars-1 5, the. 
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of the ſix e from the ſun are to one another as theſe numbers "Ot. 


not far from the truth: and ſuch al numbers mAb be more calily re- 


* 


the fox pr a, e move round it from aug to | taft, a chat the. 
> econdar pr" as. they move ' from: qveſt to caſt. round their. an 


order, in which the bodies that compoſe the ſolar: 9 : | 
. 2 motions. The opinion of this aſtronomer is, that if 8, 19h | 
this Ns at different diſtances and in different periodical times, And 


whilſt thoſe primary planets, which have fatellites, are thus performing 
their revolutions in their reſpective orbits, the ſatellites continue to re- 


d, mars at e, jupiter with the orbits of i its four ſatellites at h, and faturn 
: with the orbits of its five ſatellites at i. Whilſt the earth is eee in its 


of the moons motion the ſun may be conſidered as the: center. But the. 
earth and not the ſun is the center of the moons motion in its own or- 


bit: for whilſt it has thus attended the earth, it has kept conſtantly re- 


diſtance of jupiter 52, the diſtance of N. 953 that is, the diſtances 
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y planets, if. we 8 * EY 3 are AF in his. 1 
Ws mercury, venus, the earth, mars, jupiter, faturn. Mercury is re- 


10, 15, 52, 95. Theſe numbers are not indeed very exact; but they are 


1 
1 
3 
Fe. 


5 rr Tin WED 
_—_. . - 2 and ae to the 5 of my. readers. will 1 more I AY | f on 
—_— ww than larger numbers that are more exact. The reader muſt We „„ 
S that theſe numbersare not defigned to determine the diſtances of the 
| planets fromthe ſun in any real meaſures, as miles, leagues, or ſemidia- | 
maeeters of the earth; xy only 1 heel the N mar theſe diſtances 
_ bear to one another, | ak hy r e 
2 We up to complete a revolution an e fn, are very 2 „ 
the periodical time of mercury is 3 months, of venus 7 months, of nge 
earth 121 months, 927 1 mars 2 2 years, of . mm 12 youre” of Gturn 30 IN 
t ive magnit F Woche planets better erpreſtal in * e 
te it Could be i the compaſs of figure 1. If we call the diameter 
= ol the earth 1, then the diameters of the planets are nearly as the follow - „ „ 
= ing numbers; the diameter of mercury ; of venus 1; of the earth 13 
= of mars; of 3 jupiter 93 of ſaturn 8+. ' The diameter of the fun is much 
1 1 renter ng any of theſe, it is 100 times grater than "__ ene of 
the eart . 
= "There are ſome p lebe to be mentis nde which are e not . 
RE takea notice of in this- general account of the Copernican ſyſtem, PIs, © | 
_—— Ve have ſuppoſed that the ſun is abſolutely at reſt in the middle of =: 
3 ſyſtem: whereas we ſhall find hereafter that it has a ſmall motion. But 
2ꝛ2ẽ s this motion does not hinder its being taken for the center of the ſyſtem 
N without any remarkable error, we have here neglected it. Secondly, ve 
| have not taken notice of the figure of thoſe orbits, which the planets de- 
ſeribe round the ſun, but have repreſented them as eircles having the fun i 
in their common center: whereas thoſe orbits are ellipſes, and the ſun is 
not in the center but in one of the focuſes, But as the orbits of the pla- 
nets, though they are elliptical, do not differ much from circles, it was 
not necefary i in this general account to take any notice of wy difference. 
Though theſe niceties were unknown to Copernicus, yet, as do'not 
much affect the general acount that he gave of the order, in which the 
ſan and planets are diſpoſed, and the manner, in which the oe revolve 
round the ſun, the ſyſtem with theſe Corrections is ſtill called by. his 
nie. . 
The periodical | times of the ſecondary planets and their A from, 
their ref peCtive primaries ſhall be taken notice of hereafter. 


8. The orbits of the primary planets are inclined to one Sy 


In Plat. XXI. fig. 1, the orbits of all the planets are repreſented as if 
they were in one and the ſame plane: and in repreſenting the Fx 
ſyſtem 
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. it val not be otherwiſe without great e 
„ I, from a view: of fig. 3 3, What we mean 
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ive one, mn 2 2 of th crleare fu 


poſed: to a 


ck 


1 1 


of the earths orbit is the ſtandard, to which we refer the reſt, and is call- 


ed the plane of the ecliptic. The angles, which the orbits of the other 
five primary planets make with the 3 

The orbit of mercury makes an ang 
ew N the orbit of 8 


of the | ecliptic, are as follows. 
e of 6e. 52. With the plane of the 
venus makes an angle of 9. , with the fame. 7 


indins one er in "this manner vat at different 7 The plane 


makes an angle of 1. 205 ; the orbit of i aturn makes an angle of 2*, 30. 
9. The Ptolemaic fohem ſuppoſes that the carth 15 fixed i in the center, 21 | 


that ſeven planets move round it. 


| Ptolemy does not reckon the earth a planet but calle] it as the cen- 
ter of the ſyſtem. The planets, which were known in his time were the 


moon, mercury, venus, the ſun, mars, jupiter, and ſaturn; for the ſatel- 
lites of jupiter and faturn were not then diſcovered; He ſuppoſed them. 


all to move round the earth in the order, in which we have reckoned them 


reſented Plat. XXI. fig. 4. Where s is the earth, 
e orbits of the ſeven panes that were known, 


up. The ſyſtem is 
2, i, o, P, E, „ q, ae fe 


when this ſyſtem was invented, 


* 


ro, The Tychonic fo Gum ſuppoſes that the earth is . FI the moon * 
the ſun revolve round the earth as the center of their orbits, but that 


the other planets revolve round ag Ain e are ren with z in: its 
revolution round the earth. | 


This ſy ſtem is repreſented Plat. XXI. vo, 5, tis the earth, F the 09 
of the 18505 c the orbit of the ſun, / the orbit in which mercury revolves 
round the ſan, ed the orbit of venus, » the orbit of mars, o the orbit of 


jupiter, and 5 the orbit of ſaturn. There is one thing, which we ſhould: 


obſerve in this contrivance of Tycho. as the ſemidiameter of the orbit, in 
which venus is ſuppoſed to move round the ſun, is ſhorter than at the ſe- 

midiameter of the orbit in which the ſun is ſuppoſed to move round the 
earth, By this means it would be impoſſible for venus ever to be on one- 


fide of the earth and the ſun on the oe ſide: for in this caſe the earth: 
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do eee eee, W =P 


. it wil Ln be on d. 1 of this a hs am e of 
=_ 15 Ip "the orbit, which mars is ſuppoſed to deſcribe round the ſun, is longer than 
_—_ 3 t the ſemidiameter of the orbit, which the fun is ſuppoſed to deſcribe 
round the earth By this 1 means though the earth at ? is not in the center 
of mars's orbit, yet it is within that orbit: and conſequently; a y / 
be at in in its on orbit, whilſt brand is at a, nern the fon "maybe 
- oppoſite ſides of the RTE SL C 
What we have ſaid in this 100 t a lf N &-pto DEN PO concerning the 
—_— . Ptolemaic and Tychonic ſyſtems will be ſufficient f for our — urpo- 
Tes: fince from chis general account of them we may ſhew, that they ar: 
”, © _ not true; for the order and real motions of the heavenly bodies, as up- 
_ poſed i in theſe ſyſtems, will not account for the NY in ; which, they 
22 ; . move to us, 1 live upon tl earth. n 


4 


8 | 5 * 


: HAP. n. 3 
Of the 1 diurnal and annual motions of the fun, 
and i its real motion. upon its own axis. 


11 The earth i, is a ; Pherical body. 


Y the earth we do not here mean the land _ but the land pa 
D ſea together. We ſhall find hereafter that the earth, like every other 
| opake body, caſts a ſhadow oppoſite to the ſun, and that this ſhadow is 
what occafions an eclipſe of the moon, But in every poſition of the earth 
the ſhadow of it is found to be circular. And none but a ſpherical body 
can caſt ſuch a ſhadow in all Poſitions of i it. Therefore the figure of the 
earth 1 is ſpherical. | 

The convexity of the 8 of the ſea, which is owing to its „ 
a part of the earths ſpherical ſur face, is evident to ſenſe. For ſailors from 
the top of a maſt can ſee ſhips at a diftance, which would be hid from 
them by the convexity of the water, if they ſtood upon the deck. When 
a ſhip is going out to ſea, if we ſtand upon the ſhore, the hull of it will 
be hidden by the convexity of the water, whilſt the top of the maſt, 
that is above this convexity, will continue to appear. Nor can we now 
doubt but that the ſurface of the ſea is round, fince ſeveral have been 
known to fail round the globe. 


12. The axis of the earth, or any other planet, is an a imaginary line, which 
is conceived to be drawn through the center 2 # the earth or other Planet 
_ upon which line Its rotations are Performed. 
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world are the extremities of : 
concave —— of the heavens ; it is evi> - 3 
uator in the heavens is a 


19. If anime af circles are conceived to ugh the . | 
world, ſo as to be perpendicular to the plane of the equator = 
* called ſecondaries of As and circles declination. 4 | 
20. Two 7maginary circles. of the equa 5 
Bout 23% 30 minutes 125 the equator are e called t 6 
the beavens from the ine. | | 
Vos, Ih. * RN | | - IT 


per hem ſphere wi 
Vill be inviſible. 


between the Cndble and 


, 155 the dagen that we are looking at; the ſenſible horizon is 1 


or the angle, that aþ<qual to SC the earths ſemidiatmeter w 
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S n ſee all ſuch objects as are a- 


This is called the {cofible horizons... - gets 
« when the ern are as remote as the heavenly bodies, the 


0 > concaye ſphere, in 25 reid, of TE appears 
par res. es as.a 
X "ville, fi fych as are in th | 

8 is called the FRI horizon. 
tied | atizony but in reference to fp N 


ſurface, and the ratianal Horizon is an i 
Ja w 9 — our vie „when the objects, that we are loo 
ing at, are as remote as the heavenly lane of the ſer 


"IT 


through the center, | 


and RI are paralle 


the apparent Tus of one from the other is nothing, fo that the two 
planes as to ſenſe coincide; or the plan 1 


of the ſenſible horizo 

jects are very remote, coincides with the plane of the rational borives, 11 
any object W. was in the circle ZaL, the apparent diſtance between the ſen- 

fible and rational horizon in reſpect of that object would be the angle 456, 


if it was viewed at the diſtance Sa. If : any object was in the circle £ 
the apparent diſtance between the ſenſible and rational horizon, in re- 


- ſpe of that object, would be cSd, or the angle, that cd equal to o S0 the 


earths ſemidiameter would ſubtend, if it was viewed at the diſtance Sc. 


In like manner if the object is at a til greater diſtance, in the circle POQ_ 


the apparent diſtance 8 the ſenſible and rational horizon will be 
OSI, or the angle which OI=SC would ſubtend ſeen from the earth. 
And univerſally, the apparent diſtance between the ſenſible and rational 


horizons in reference to apy wm is the — which the ene 
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horizon HO Plat. XXI fig. 6, touches thecarths uff 8, where the 
ee ſtands; the Shs of the rational horizon RI is parallel to the 
former, and paſſes through C the earths center. Con quently As one, 
touches the furface and the other paſſes ance 
between them is SC. the ſemidiameter of the earth. And this diſtance at 
ab, cd, Ol, or any where elſe is the fame, becauſe the two planes HO, - 
A to one another, But at very great diſtances from 8 
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5 1 ſituation PQ, and the 
3 le rotation is co 
* ; een or concave 
| __ _ tion'of the Heavens, that is owing tot) ; Koa rotation; will - i © 
on t 5 world. Wag | 1 
= 5 axis itſelf and extreme Points of 
N will not partake of this motion, 'Therefore, hwy we Lay t 3 
| | +, Concave ſphere of the heavens appears to turn round upon th ; 
| Id, whilſt the earth is performing one rotation round i its | : 
| uſt be underſtood to FRO the two 70 poles of the world,” . 
Prolemaic and Tychonic ſyſte v * h4 | | : 
| ow nd its axis, and this conſtant rotation of all the heavenly : 
bodies from eaſt to weſt i is looked upon to be real: ſo that beſides th on : 
round the earth from weſt to | 
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346 themtation — the earth round its axis. 


time of 55 complete rotation, 
is the caſe of any fixed ſtar. If the.car 
| —— XX 
R, which is | 


N, N 
© 1 the ſouth of that place again. tilkz>-o'clock at n 
row, and conſequently the time of ſuch an apparent revolui 'n is 24 
hours. This is owing to another motion of the ſun, which is called i its 
annual or yearly motion. For the ſun. does not continue always in t 
fame place in the heavens, as the fixed ſtars do: but, if it is any at M 
one day, and is near the fixed ſtarR; it will have ſhifted its lace'the next 
day, and will be near ſome other fixed ftar L. This motion of the fun 
is from welt to caſt, and one entire revolution is completed in a year. 


hen i it is at M near to the 
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es but 825 ſan having; in was mean time — — and bei 


= 10 'L ot to the eaſt of R, will not be in the ſour 
= e eaſtward of i 
$ D * 
1 completed one rotation and is come oo to 
then be Le 7, thy 


L before the place S, and conſeque 
Fr round, in order: toovertake. the 
| the earth, as is ſup- 
| the P ic and Tychonic . — or the earth moves round 
. a8 in n the rene, eee gf en e 329 
om the. earth, will appear to move in the fame 
manner, the ſun itſelf revolver round the earth, or the earth 
, revolves round the oy hy 175 
| The 2 the planets {and the fixed ſtars. in the ſur- 
face o ropoſition f optics: and the ' 
. ſuns e motion is performed in 3 great circle of chis ſphere, Let 


IRIS  EFGH, Plat, XXII. fig. 2, be this circle. The apparent motion of 2 
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earth revolves in the ſame orbit ABC | 


ihe to ths 


| ſufficient to make them yiſible, when the ſun ſhines? but yet we muy 


them, they . 


ce 1 will appear in that part of the beavens Where the ſtars H are; 


' rh6yes in che order of che letters A; N, C, P. in td orbit, it will af 
do a ip 
; = is at A it Will appear as If ie was + 


Hikes: it will a 
it Will 


ſun is near, comme to the ſouth at non, or at the ſame time with the ſan, and 
thoſe, that ate oppoſit 
midnight, we' may be ſure that 


ther, that the ſan in the orbit AI 


fee the ſun deſcribe the ſame circle EFGH in the concave NO of the 
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oſed to e round 1 
let EFGH be * circle in the concave ſphere of the heavens, As the hn = 


tor on the earth to have deſcribed the erer art When the 


nit le ab B, it will appear 


ppear amongſt oo ith ad when Ret, 
appear amon the fixed ſiaes at F. Indeed the fixed ſtars and the 
ſan are not {cen at the Tame time; for the fainte? light of the ſturs is nee 


tell in What part'of the heavens the ſun'is, or what fixed ftars i is ear to; 
by knowing what fixed ſtard are oppoſite to it. Thoſ& ſtats ts which ths 


e, come to the ſouth at midnight. Therefore if we 
find that any fet of ſtars, as thoſe at G for iniſtanee, 'coine to the ſouth ar 
ey/ are oppoſite to the ſun, and con 
ſequently that, if we could fee the ſtars in that part of the heavens where 
the ſan is, we ſhould find hem to be thoſe at E. We ſhould obſerve far- 
CD is nearer than the fixed ſtars, but - 
as theſe diſtances are either of hun 100 e e Judge et | 
r to be equa ropoſttion 13 5 of opties. 
Secondly, 4 ſax poſe that TH fy that e ſun has no motion 
of its own, but that it reſts within the orbit ABCD, in which we will 
now ſuppoſe the pb to move in the order of che lettets A, B, C, D. 
— pon this ſuppoſition, when the earth is at A, the fun will appear in 
of * heavens where the ſtars & are; when the earth is at B, 


when the earth is at C, the ſun will appear in that part of the heavens 
where the ſtars E are: and when the earth is at D, the ſun will appear 
in that part of the heavens where the ſtars Fare. Thus as the ea e. 
volves round the ſun in the orbit ABCD, the ſun will appear to a ſpecta 
for on the earth to deſcribe thie cirele GHEF. ie 
Thus whether the earth is at reſt and the fury revolves in che orbit 
ABCD, or the fun is at reſt and the earth revolves in this fame orbit, 4 
ſpectator on the earth in one year, or in the time of one revolution, wild 


heavens, | 
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in this line AS continued to G: 


. SH, SE, wy _ over the SAIL 
right line are in fame plane, Eu. b. XI. 
3 SG, 3, BS with SH, CS'wi 
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ue 1 Xs Zone. 15 oh, 17 1 teen degrees y | 
7 the heavens with the ecliptic through the 
_ this 2 called the zodiac. - Pang 3 N W 
he orbits of all the other planets are inclined to the orbit of 
chat is, eee 28, the orbits of all the planets are incline 
he plane of the ecliptic. But, as the angle made by the orbit of any 
net with the plane of the ecliptic is leſs than 8*, none of the planets w 

ever be ſeen out of the zodiac. The orbit of or inſtance, makes 
an angle of Ge. 52' with the plane of the ecliptic, which is a great — 4 
than the orbit of any other planet makes with the fame plane. There- 
fore mercury may be 6*, 52“ from the ecliptic: but till it will be 
within 3 becauſe the zodiac reaches 8* on each ſide oſ the 
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— a The fixed ſtars in every 


N 
ue 
1. 


. A 
Ef gemini, cancer, leo, virgo, Shes Jeorpuo, .. 
_ aquarius, fiſees. Fer 


tions. By A con ſtellation xy pat of 2 number of ſtars, that are near to one | 
another, and may be drawn, at their proper diſtances from one anothes . Þ 

upon an artificial globe, within the figure raps ſome.anumabor ſame other 73 
thing, which either dur imagination has invented, ot our ſenſes have. ob 
ſerved. . Thus a number of ſtars near the north pole are repreſented. upon- 7? 
the globes within the figure of a bear; theſe ſtars make a conſtellation, 
which is called. the bear, Another conſtellation i is called the archer; becauſe 
the. 1 which compoſe it, are drawn at ſuch diſtances from one another, 

t they may be repreſented upon the globe within the figure of a centaur 

OY Wi es a bow and arrow. ee conſtellation 1 18 called the (hip, 

becauſe that collection of ſtars, which 7 . it, when they are repre - 
ſented upon the g lobe, are drawn. upon 1b of the figure of a hip. 

The ſtars, e that part of the heavens, that we call the 

zodiac, are reduced by aſtronomers to Apna ad conſtellations. The twelve 
ſigns in the zodiac are theſe twelve conſtellations. The latin names of 
them, as in the propoſition, are uſed by the aſtronomers of our own 
country, and we {el hear them called by engliſh names. Sometimes 
theſe twelve ſigns are each of them expre 175 writing by a mark or 
character inſtead of the name at length. "Their characters are theſe, Y.. 
aries, U taurus, I gemini, S cancer, Q leo, W virgo, E bra, m ſcor- 
pio, 1 fagittarius, 7 capricornus, = = aquarius, 9 piſces. Theſe ſigns, 
-when reckoned in this order, lie from well to ca, fo . cach ro is to 
the eaſt of the ſign that is before &- 


2 Fe T [he axis of the earth i is "inclined 10 the 8 8 of the alpine ata an Ing 


2 about 66 degrees: 4% and the 4: Herent e 76 ear. ar e owin L 
to this inclination. e * 


Ec, Plat. XXII. fg. 3, repreſents beckons 5 the E ofthe. 
ecliptic: it is here drawn upon the paper as a right line, becauſe the 
edge of it, as we look at the paper, is ſuppoſed to be towards our eye. 
S is the ſun in the middle of the carths orbit. If the earth is at C the axis 
of it is not perpendicular to the plane of the ecliptic, as Ah is, but is in-. 
clined to it, as PR is; ſo that the angle Pi E, Which the axis of the carth . = 
makes with this plane, is about 66%. 300. If the earth, by moving half | 


round the ſun, is arrived at E the oppoſite point in its orbit, the — R 
„et. . i 2 h 
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» 


TOY 1 BE ' was the iow. axis, then the plane of the equator would be in the 
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* N * J 


p lane g Lag at. the 
At is po © dy Put js 669, 30. . ION 755 

Let us firſt confider what would be the co. gn 
"nh: Was perpendicular to the pk 


e of its orbit. r 


* the axis is perpendicular to the ecliptic by 
fopp of ti h rpendicular to the plane of the equator, - 
x poſition 116. mM "Now the fon rect in the pane of the Ace 


12 bl ecliptic COINC) 


xcided; as they would do, if the carths axis was 
perpendicular to the plane of ; its orbit. But the equator is juſt. in the 
m die between the two poles. Therefore, if the carths axis was perpen- 
dicular to the plane of its orbit, the fun would at all times of the year le 
juſt in the middle between the two es: and confequently we ſhould 
have no change of the ſeaſons from ummer to winter; becauſe our ſum- 
mer is made by the ſuns approach to one of the poles, you our winter by 
its departure from thence towards the other pole. 
Baut if the earths axis is inclined to the plane of the 3 or, r, which 
| is the ſame thing, to the plane of its orbit, u on this fuppolition, when 
the earth is at C, the pee P will be towards the fun, and the pole R will 
happen, when the earth, by 


be turned from it; and juſt the contrary will 


? by means the ſun will not always be in the equator, but at one time 

; of th the year year it will appear nearer to one oft te pe, and at the oppolite | 
time it will appear nearer to the other. The of ſeaſons is owing 
to this; for, as we have already obſerved, when That ſan leaves the equa- 
tor and approaches to one of the poles, it will be ſummer on that fide of . 
the equator; and when the ſun departs from thence and approaches to 
the other pole, then it will be winter. From this poſition of the earths ' 

axis each part of the earth enjoys the benefit of ſummer in its turn: for 
it is evident, from what has been ſaid already, that when it is winter to- 

wards one of the poles, or on one ſide of the equator, it will be ſummer 
towards the other pole, or on the other fide of the equator, This change 
of the ſeaſons will be further ex _—_ in ſome of the N propo- 
f fitions, bit 


32. The equator makes an ang of about 23 dure with the plane „ 
the ecliptic, 


The angle, which the equator —_ with the plans of the ecliptic, is the 


com oplement of that which the carths axis makes with the ſame plane. PR, 


Plat, 


bone” \ Tikes 6 of | the © 


equator, if he - 


half round the ſun, has arrived at E the. oppoſite point in its orbit, 
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— at, wan. 5 is theeartis axis: this * 
ib 15 PR. will be in rough” 4 

__ wbaright 1 & follows that Qu is the comple 

_ is the angle, which the axis makes with che plane 


angle PAE is 66“, 30. by por meme 31. 1. ee its complement 
R 18 an angle 9 . 58. bo 24 £7 77 550 i | 71 5 ** - be $31 £7 : fry Hu : G1 5 5 15 7 8 5 A / 


Es, kir to EC the plane of the ecliptic, St od cid V ith E nr , 
HE. But the ſun is al wa. ys in the plane of the ecliptic, by propoſition. 
27 and Q is the ins; of the equator. © Therefore, if the'e earths a 
was perpen icular to the plane of the ecliptic, the ſun would always 
the plane of the ec 
axis PR, inſtead 
makes an angle of 66˙. 30. with this plane; and conſequently 


equator, but is 235. 30. nearer to the 


the ſun does not 2 in | the equator, but. is wy. 595 nearer to. "the 
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© of the equator.” Now: (fines bow 


bo Ts _— WORE che equator makes . * "plans. Th The 


If PR coincided with AB, l 


1 ator, or at equal diſta But the 
derpendicular to EC che plane ofthe ec ic 


1 being 


tor QT makes an angle of 237. 300. with the „Lame plane: that is GiQor 


TH are either of thee an angle of 23". 30. Now abe Ws wat, 
the ſun appears in the plane De 


fore when the earth is at C, the fun — ppear in te plane of 
pole P. In Pin like manner 
earth is in the oppoſite part of its orbit at E, the ſun does not 5 in 


the plane of the equator QT, but in the plane SHE, with which QT 
makes an angle of 235. 30. Therefore, fince H i is who: 300. from T 


» 


pole R. 


55. 7 2 we conceive ris ii to be Said i into i a0 parts, — 9 
e theſe parts is called a fign: and the names of the ae, in 460 1 
tic are the ſame with thoſe in the zodiac. 
A ſign in the zodiac is a conſtellation or number of: Ano: a ** 
thi ecliptic is only the twelfth part of that circle, which the ſun = 4 


annual motion appears to deſcribe in the concave ſphere of the heavens. 


Now as every circle contains 360%, the twelfth part of a circle, is 30*; 5 
wind; a ſign in the een means no more than an arc of 3 in Frog 

ecli 

Te as theſe ſigns are not viſible to theeye, 0 thoſe | in the dhe are, 

we might call an arc of 300. in any part of the ecliptic by the name of 
aries or taurus, or gemini, &e, and one aſtronomer might call the ſame 
arc aries, which another would call cancer, unleſs there was ſomething 
to determine the point in the ecliptic, from whence we are to begin to rec- 
5 kon 
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C eee eee eie in two 
be chele po ints it is 2 r to reckon hoy 1 


and though t the ecliptic paſſes thro 
not anſwer to this inthe other ; t 
ec is not that part of the ecliptic, v WI 


of the ecliptic, which pe 


ſo as to make with it an angle of 230. 300. Let ABCD, Plat. 
be the ecliptic and EFGH the equator, which makes with the ecliptic the 
angle GDC of 23*. 300. Both theſe circles, as they are drawn upon the 
paper, are ſuppoſed to be ſeen obliquely, and for that reaſon in this per- 


terſects the ecliptic at B and D. Therefore, whilſt the ſun is deſcribing the 
ecliptic ABCD when it comes to either of theſe interſections B or D, it 
will be at the equator. G and E are each of them 23. 300. from the 
ecliptic. Therefore when the ſun, Whilſt! it is deſeribin 15 the ecliptic, is 


ps and N e 


8 #47 * 4 1 18 | | ; | "Bo 220 4 . J \ | 
in 3 mean n time we 1 eg 9 0 3 FL che 
e the 20 


6gn aries Sr is, inter © 


ſtellation aries in the 2 


ac ; the fgn cancer in the'ecliptic is not that art 
ks through the 
the zodiac; and the fame is equally true 


all the other figns in each, 


This the reader may ſee repreſented upon the celeſtial globe where he 
will find that this mark Y and the 30. reckoned from it, which make 


the ſign aries in the ecliptic, are not within the picture of the ram where 


the ſtirs are drawn that make the conſtellation or ſign ares in the zodiac : 


ys ſame he will find to be true of all the other ſigns. 
The reaſon why the ſigns in the ecliptic and the ode chat have the 


eme names, a are > not i in the ſame Places ſhall be ſhewn hereafter, | 5 


34. 7 be \ ſun.i5 once in r the year at each of the . cr, and twice in the 
gone at the equator. 1 


The ſun appears to deſerbe i the ecliptic or once every year, by propoſi- 


tion 28. And the equator is inclined to the ecliptic, by a e $2, 


ſpective view of them they are repreſented as ellipſes, The equator in- 
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either at C or at A, it will be 235. 300. from G or E, that is, it wil be 
23. 300, from the equator. But the two tropics are at this diſtance from 


the equator, one on one ſide of it and the other on the other fide: and 
conſequently, when the ſun is at A, it will be at one of K tropics, and 
when at C, it will be at the other weren on | 
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of che 5 W | 
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gh the ſign or con- 5 + 


2 or conſtellation cancer in 
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Nil The ſign aries in the ecliptic is an arc 0 4 f 30% . be 
from rd And ſign libra in the 8 is an arc of 30 d . 
beginning © equit oint. The former is called the 
Kt ol e. 


points is a ne of a circle or « 0 om te 
firſt of aries; ſo that three ſigus in the ecliptic | lie | between the = 
-aries and this point; conſequent} this ſolſti point is the firſt of 15 1 
cancer. The other ſolſtitial Point is at the ſame di | 2 

bra, and conſequently i is corn. 
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38. A 2 of the eq 1 tor, that fa ? the equinottial points, is : | =. - 2 
called the colure of the equinoxes ; er, that cuts this at right = 
angles, and paſſes through he ſol; tial points, is called the cu ure of 7 the 2 Ib 
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39. That tropic, which rouches the eclipts > af the fr of cancer, is called Rh 
. the tropic of cancer : and the other, which touches it at 1 Jrſt of 
capricorn, is called the Fropic of; | b 


pole, which is neareſt to the trapic of cancer, is caller the north- 
' pole; and the other, which is neareſt to the tropic of « apricorn, is cal. 5 
ted the fouth /// vv ca dia feiet + „ 


1. An imaginary 3 that paſſes through the center ; the ecliptic and 5: 3 2 3 1 
Per pendiculan to the plane of 1t, is called the axis of the ecliptic. 
he axis of the earth, or of the world, paſſes through the center of 
equator, and is perpendicular to the Plaue of it: this is ſometimes calle 

he 


8 \ 
5 a 


J 


e 


— 


* 


* 

A 
- 
= 
8 
KL 


oF», 


[> 
* 


hh 


* 
; * 
- 
- 4 8 
1 * 
2 - 4 
* bs % %, 1 
— - 1 „ 
. 


1 
— 3 a gf 7 e 
FY FILE "a." PR + WITT” J # N 
* * rd 
TOYS N * 2 * 9 . * 82 F 4 
* * * 1 » 
Yoo L * e 8 
as n * W . e ap 
N DJ Tt. 1 * F i. re Iv 
* * > Fu $9.0 1 + 
# J * * * 
o q 4 8 * 7 » * 
1 4 $ of * * & 
2 go N — * 
5 l 


= U af 4) 
* 400 2 
* Bs , F 7 * 4 5 * 
* bs 8 L ; $54. 4 
— F . n 1 1 * 7 I 
N 4 KI 7 9 
4 * * N 2 a « 1 
8. 4 85 = * 
Ru =P WI 3 a 
* W 7 N * 
* : * 93 WA ” 
67 7 x z KY 
0 1 3 1 * y 
Vs l K a. I 4 G 5 1 = $73 * 5 
3 > : N00. 
h \ 8. * 
| i 7 * - 8 0 
* * 9 
G 9 t Fr > * 
a 4 5 * f ö 8 
5 1 7 4 3 \ > 28 y 
= a * * Wh * 1 u v3 4 
. 8 i 7 > 
= Ws 4 
4 n % : Bo ods” 7 d 
* 8 8 1 ? * 955 1 
bt 7 7 8 
. * g 1 * 4 
3 « - 
ap } ** I 3 : k wr 
: . ; 8 3. 
* oof? * 4 i >. 
1 wy". » : - 
7 A * 'F * * I 5 
x 


g W * 3 A 1. 
hy * 14 F 


* 


: 5 it's 
S308 


* "If PR, Plat. XXII. f 

3 $f both ways to 1 55 4 of the 
= the world, by opoſition 16. If AB is pet 
1 EN then AB p 


3 be contained between PR LAB, or the 
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le 3 is equal to the angle 


3 En 475 1 is equal to 12 \ becauſc 2 are both of them right 
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2 angles, by the conſtruction. Therefore, if fe od a h of theſe « 
| 1 — anole 1 P#E is. taken, 

1 mainder EQ. But EnQ or t 
„ tic is 23*. 30. and conſequently Auf or the inclination of the wis of i 6 
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i: If the earth C QPTR, Plat. XXII. fig. 3; revolves upon its axis PR, the 
two extremities A and B of the line AB; would in ſuch a rotation re- 

== ſpectively deſcribe circles round the points P and R. In like manner as 
1 5 che heavens apparently revolve every day upon the line PR produced, by 
rw _ Propoſition 23, the extremities of P & line AF produced, or the poles of 
the ecliptic, will in this daily rotation reſpectively deſcribe circles in the 
3 concave ſphere of the heavens, Theſe are called the polar circles. And 
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5 mer is here meant the time that paſſes 
1 autumnal equinoxes, and by winter the time that 
1 tumnal and verm. The ecli livided into tw 
3 a figns, ar gemini, cancer, leo, virgo, are on the v 
1 equator, 25 the other ſix dra, ſcor ca 
. piſces, ate on the ſouth fide of it, 
"MK Arſt of aties and at the firſt of libr#: 1 that from the vernal equinox to 
the autumbal the fun paſſes through 
| autumnal equinox to the vernal it paſſes — the ix 
The ſun is eight days longer in paſſing through the fix northern Higns. 
than it is in paſſing through the fix ſouthern ones. 
Let BCDA, Plat. XXII. fig. 2, be the earths orbit, and 8 ſun, 
which is placed in one of the focuſes of this orbit. Whilſt the earth is at 
B, the ſun appears at H in the firſt of aries, and whilſt the earth moves 
from B through C to D, the ſun appears to run through the fix northern 
ſigns, arics, taurus, gemini, cancer, leo, virgo. Whilſt the earth is at O, 
the ſun appears at Fin the firſt of libra, and whilſt the earth moves from 5 
P through A to B, the ſun appears to run through the fix ſouthern ſigns, 
libra, ſcorpio, ſagittarius, capricornus, aquarius, piſces. Now the line HF 
drawn from the firſt of aries to the firſt of libra through the ſun, divides 
the ecliptic, which is a circle, into two equal parts : but the Game line ” 
vides 
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figns, or in our winter, , the earth is in its perihelion; and that, whilſt the 

ſun is in the northern ſigus, or in our ſummer, the earth is in its aphe- 
lon: but when thee arth is in its perihelion or 'ut its leaſt diftance: from 
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For the orbit of the earth, though it is an ellipſis, does not differ much 
from: a circle, ; the ſun in its centers and conſequently the earths 
t and leaſt Giſtancre:do not. differ much from one another. If the 
earths middle diſtance from the ſun is called 1000, its eccentricity will 
be: 17. Therefore, by propoſition 56, its greateſt diſtance from t en 
18 1000+ 17 21017, and its:leaft diſtance is 1000 17 983. oy 
But if the earth is farther from the ſun in ſummer than 1 in winter, i it 
may be aſked why the weather ſhould be the hotteſt in ſummer. In an- 
ſwer to this — we muſt obſerve, that the difference between the 
diſtances of he fan in theſe two different ſeaſons of the year is inconſide- 
rable; and that the heat or coldneſs of the weather depends upon other 
cauſes, and will be but little affected by this. The principal reaſons, why 
our ſammer is hotter than our winter, are, firſt the greater height. to 
which the ſun riſes above our horizon in the ſummer, and ſecondly the 
greater length of the days. The ſun is much Ds at noon in ſummer 
than in winter, and conſequently, as its rays, in n ſummer are leſs oblique 
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{&the plane of eecliptic in the ame two points B. and D; but the 
tor in a 9 1. of time changes its ſituation, ſo that 4 and * ſhall be the 
two points. of interſection or the two equinoctial points. In like manner 
theſe points of interſection or equinoQtial points Will keep ſhifting | their 
E by the plane of the equator changing its ſituation, till they come 
to E and Q. And thus in time they will go quite round the eliptic. This 
motion of the equinoctial points is in antecedentia; or if the ſun moves 
in the direction ABCD, the equin Ctia Raine are found to move in the 
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trary way, by propoſition 60. Conſequently, when the ſun has ſet out 
from the firſt Ft ries in the ecliptic, or from the vernal equinoctial point, 


and is moving round in the ecliptic, this equinoctial point will meet it, 
before it has got quite round, that is, the vernal equinox will return, be- | 


fore the ſun has performed one entire revolution in the ecliptic. 
If B, Plat. XXI. fig. 3, is the vernal equinoctial point, and the ſun 


ſetting out from thence appears to deſcribe the ecliptic in the direction 


BCDA ; then, ſuppoſing the equinoctial points, had no motion it muſt go 
quite round the ecliptic-and return toB again, before the next vernal equi- 
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When the celeſtial globe is in the poſition that we have deſeribed un- 
deer propoſition 60, . otion of che poles. 
8 Me ſhould remember that the wooden horizon of the globe repreſe | LL 
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for the ecliptic, is put to repreſent the equator, the poles of the ecliptic 
= the globe muſt repreſent the poles of the equator or of the world. 
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parts by the letters ABCDEFGHILMN, But if this circle is * 


n 9 = 9 * 
e a * * E TY 4. 


21 8 
e p 


Br” 
Ma” 


_ conſequently, 


wil appear 
is de 


ecu * one mm -- 


1 in the mid of it, 
ual times will be e apparently 


705 a mY at on * and i in 
ribe a right line croſs the um 


parts in om middle will be 
edges: and conſequently the i 
apparently ui nd the ſpot will ſcem to 
given time, when i it is near the edge of the di 


”” 


4 10 a 8 f 
A "X \ 2 
8 » * — * 2 : ; 
"x 4 * + % * ** 4 * * * - + 
4 * 
* * . 5 
x 7 * * 5 
5 2 


— 1 * & 7 
y 9 — * *%Y I , 
4 a: 5 ; 5 2 
* 83 - . « v 4 PT 6 ; 2 4 9 g 
* "a k 383 Py 
5 F 4 85 84 * 3 
$ * * ” * 5 1 8 
* ic . | ; 
* F f f i J 
- 4 — 54 : i 
— 
. 


u e e ee inferior = "Y „ 


i Oy cury and venus are called inferior planet. „ Ef 
T\HESE two are called inferior planets in the Copernican ſyſtem; 
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the lanet; then B and D are the two nodes, a line 
drawn from B to is the line of the nodes, G and E are the limits. Thus 
when the planet is at B, it is in the node; and as the orbit interſects the 
plane of the ecliptic at the node, the planet, whilſt it is in the node, is 
in the plane of the ecliptic. As it moves from B, it departs from the plane 
of the ecliptic, till it has moved through go degrees or: of its orbit, and 

then it arrives at its greateſt diſtance from the ecliptic, or at the limit : 
from thence it deſcends to the other node D, and from thence to the li- 
mit E, and returns to the node 3. | 
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J conjunction and ſometimes in oppolition.. Thu s when the planet is at 
hay. b and then the planet will appear in oppoſition, 
5 for the earth is even with the planet and they are both on the { me fide 
_ of the ſun: the ſun will appear in the line PSO, and the planet in the 
8 . - - line PDR; therefore the ſuns geocer lace O ; oppoſite to the planets 
J place R. Or when the planet! is at D, the earth by be at T, 
| © NOUS: REY ppear in conjunction; for! che e vith 
Wi. the planet's 

5 net will Wende appear on the fame fide of hw watt in fl yeh TSDR. 
nlike manner if the earth is at M, when the planet is at Q the ſuns geo- 
planets geocentric place 
opp lite point K. Or if the earth is at I, when the planet is 
the geocentric place both of the ſun and lahet will be on the ſame 
ſide of the earth at K, that is, the planet will te in conjunction, - If the 
planet is at C, its conjunction will happen, when the earth is at E, and 
: FIT its oppoſition, when the earth is at F. Its geocentric place at ſuch a con- 
11. junction or oppoſition would be in the line EFCH or at T. 
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upon ies ok: its — all de more . than the larger 
body or nucleus of the comet. This reſiſtance and the retardation 
ariſing from it is dende whem a comet in its Perihelion c 16D 
very near the ſun, and penetrates into the denſer parts of the ſolat 
ſphere. Sir Iſaac Newton, obſerves, that, when the comet: of the year 

1680 was in its perihelion, its diſtance from the ſun was not above a 
Gaxth part of the ſuns diameter, and that upon account of the denfity of 
the ſuns atmoſphere ſo near to the ſun, and upon account of the great 
velocity of the comet in its perihelion, the comet itſelf 
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The gravitation of the comet towards the fuo, will, as the comet is re- 
tarded, 5 make it approach nearer ta the ſun: chus in every revolution 
its diſtance e from the ſun, when it comes to its perihelion, will be diminiſh- 
| ed, ail at laſt it falls into the fun. n ne ra in a long courſe of years 
Light; yet Ack fupptypof freſh matt will roparothe decay,” And:this - | 
ay poſſibly be one uſe of the comets. However though this reſiſtance | 
greateſt, and-may retard the nucleus itſelf, when it comes into the 
parts of the ſolar atmoſphere; yet at all times there muſt be ſome 
3 4 otherwiſe. there could. be no tail: and à ſmall reſiſtance 
Abe the minute „f which the tail conſiſts, more tha the 
nucleus is retarded. From hence it ſollows, that the tail has not onlya 
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is the diſtance, 3 would be let behind 100 
nucleus, in \the time that ho — — would take up to aſcend from 
the nucleus C through the ſpace CO; then we may ſay, that the velocity, 
with which that particle would deviate from the oppoſition, is to the 
aſcending velocity as CL to CO. We here ſay that the velocity of devia- 
tion is to as aſcending. velocity a8 L to CO; for though the nucleus 
moves on, and the tail deviates, h becauſe it is left behind the nucleus; yet 

the effect upon any particle, whilſt it aſcends, is the fame as if the nucleus 
reſted at C, and was acted upon by two forces CL and CO. Now any 
particle thus. acted upon by theſe two forces, will deſcribe CD the diago- 
nal of a parallelogram, whoſe two ſides are CL and CO, by propofition 
16 of mechanics. Therefore any particle, which riſes from the nacleus, 
when it is at C, will not begin to aſcend in the line of oppoſition co, 
but in a diagonal CD, which deviates from CO one ſide of the paralle- | 
guns towards CL. the other ſide. In like manner when the comet is at 
if the aſcending velocity is to the velocity of deviation as IN to IR, 
= particle, which is beginning to riſe, will neither aſcend directly! from 
the ſun in the line of oppoſition IN, nor will it follow the comet in the 
line IR, but will begin to aſcend in the line IM, which is the diagonal 
of a parallelogram, whoſe two ſides are IN and IR; that is, the par- 
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a particles aſcent, from the nucleus, till it comes to ee, 
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will not change the — of deviation during the aſcent of the particle. 

But then as the particle aſcends from the — greater orbit to 
deſcribe: whille i it is contiguous. to the nucleus, it describes the ſame 
orbit with the nucleus; but when it has aſcended to O, for inſtance, it 

is to deſcribe the arc OT of a greater orbit with the ſame velocity that the 
a is to deſcribe GC a ſimilar arc in a leſs. orbit: and ſince the or- 
bit, which the particle is to deſcribe, encreaſes in this manner as the par- 
ticle riſes, it 1s plane, from what has been ſaid under propoſition ger; 
that the farther the particle has riſen from the neucleũs the more it will 
be left behind, or that the velocity of deviation will encreaſe, as the par- 
ticle aſcends from the nucleus to — top of the tail. Therefore, „though 
the aſcending velocity was to continue the ſame during the whole aſcent, 
yet the proportion of the velocity of deviation to the velocity of aſcent or 
of CL to CO would keep encreaſing as the particle aſcends. 


of deviation, 1 


Secondly, if the velocity of deviation was to continue the ſame, yet 
in n the aſcent of the particles the — of the velocity of deviation 
x to 
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| the ſime wirh its own: Andd as the velocity of the ſtream = 
decrees, the — of the particles, which are buoyed. up by that 1 


| | reaſe: Therefore if the velocity of deviation is given, the 
5 proportion of this velocity to the velocity of aſcent or of CL to CO will 


encreaſe as the Fan, riſe, becauſe | 
creaſing. d nt ECL 000 E! 2201047 0 300 e 
Having thus ſewn that tl he prope ortion o the velocit) of eint to 
the — of aſcent encreaſes as the particles riſe from the nucleus, the 
conſequence we are to draw from thence is, that, as the particles riſe, their 
deviation from the line of oppoſition will encreaſe. And this conſequence 
ſeenis;to. be cvident: for. if the velocity of deviation was nothing in re- 
ſpect of the velocity of aſcent, the particles would not deviate at all, but 
would all of them aſcend in the line of oppoſition. Therefore the greater 
the velocity of deviation is in reſpect of the velocity of-aſcent; ſo much 
more the Particles will deviate. Or — the motion of every par- 
ticle as it riſes is compounded of two others, and is in the diagonal of a 
parallelogram, one of whoſe ſides is the velocity of deviation, and the : 
other is the velocity of aſcent. And in every parallelogram the longer RE 
fide is in proportion to the other, ſo much leſs is the angle, which the 
diagonal will make with the longer fide. But when the particles begin to 
riſe, CL is one ſide of the parallelogram and CO is the other, and if the 
pron: between theſe two ſides was to continue the fame during the 
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369. When the tail. of a comet. 90 iates 11 0 
2 + it is HR Kann Fe erminated, "and a 


FUE e. = kt Ai 05 Fir ile 
"Thi conves fide of the tails GH « or XT. at. XXIX. fig. 6, is ne * 
the line of oppoſition. G ot; XE; and 
next GC or XP the part of the tra jedtory; —— which the pc 
has laſt been paſſing, by propoſition. 368. From hence it follows that, as 
the concave ſide is towards that part of the trajectory, which the nucleus. 
has left, the conyex ſide muſt be the foremoſt. But the reſiſtance of the 
medium, through which the tail pales, will bring the particles cloſer to- 
gether on the foremoſt or convex fide; than they are on the concave fide; 
For this reaſon the convex ſide will be more diſtinctly terminated, And 
ſince the reflecting particles are cloſeſt together on the convex fide, there 
will be more ent reflected from any given part of that fide than from 
an equal part of the other, that is, the convex fide will be the brighteſt: | 


370. The tails of the .comets, though they deviate fron the furs epoſtion 
are akoays in the plane of the comets orbit. 


The nucleus of the comet and the ſun are | both of "ny: in the plane 
of the comets orbit; and the tails are always in the ſame Plane with the 
nu- 
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and wich the ſun 8. Pt. XXIX. fig. B. For SE a line drawn from Fd 
ſun and pafſing through'the 'nudeys, would be the direction of the tail; 
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prom 1368, is bent ſo as to be 
towards that line and concave the other way. But neither the de 
vation nor curvature will be ſenſible to us if the earth is in the 
the orbit. If XI is the tail and XE is the line of oppoſiti n; 
deviation of any part in the tail is the diſtance of that part from t 
XE; thus — the deviation of the part Y is. IE or the diſtanee 
between X in the tail and E in the line of oppoſition. But if che earth 
is in the ſame plane with XE the line of oppoſition and with XY the _ 
the end of this line YE will be towards the eye of à ſpectator upon 
earth; and conſequently, by propoſition 120 of optics, the length 
line or the deviation of this part of the tail 11 not be ſenſible. 
may be ſhewn of every ather part of the tail, when the. earth is in the 
Ped plane with XE the line of oppoſition. and XY the tail. Now, by 
propoſition 370, the line of — and the tail are always in the plans 
of the comets orbit. Therefore the deviation will not be ſenſible to us, 
when the earth is in the plane of the camets orbit. 
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The curvature of the tail will not be perceived, det one art of d 
tail appears to be farther diſtant Feoin the line of oppoſition than med 
by what has been ſaid under propoſition 368. But when the earth is in 


the plane of the comets orbit, the tail dees not appear to deviate, and 


onfquently one part of it cannot appear to deviate more than here 
kr — ; ere 
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the fun 2 eee iy hens, 


mets atmoſphere ther progreſiive- e in the direction T would 
| have been equal to the progreifive velocity of the nucleus; for the at- 
moſphere conſtantly ſurrounds the nucleus and Keeps pace with it: but 
ther heat of the ſun, would raiſe the : 2 the line of oppoſition G T, 
by propoſition 366, and coqnſequenth vould continue to move after 
the nueleds witli the diffefencè be ogreſſive velocity atid the 
velocity of aſeent. Thus 


A would b be ler 2 but fill | 
they would follow it in the ſame right line; becauſe as the progre five 
motion. and motion of aſcent are in the fame right line TG only in con- 
trary directions, the tail, when it moves with the difference of theſe ve- 
locities; will not chang e the line of its motion, but will continue in the 
line of oppoſition. Thereſore if the nucleus was moving in a right line 
N towards the ſun, the tail would not deviate from the line of 2 
whe ig ON 
rt pon the fame. deen chat the cache 1s moving in a right Une di- 
4 towards the ſun, the reſiſtance of the medium, in which the tail 
moves, will not make it deviate from the line of oppoſition.” This re- 
fſiſtance may indeed retard the particles of the tail; bur as they ere mov- 
ing in the line of oppoſition, ſuch a retardation” will only make them 
move ſlower in that line, but it could not make them deviate from it. 
If a comet was to move up the line SE directly from the ſun, the tail 
would go before i it in the line of oppoſition, but Adele not deviate at all. 
The progreſſive velocity of all the particles in the eomets atmoſphere is 
equal to the ene velocity of the nucleus; or, if the nueleus was 
moving in the line SXE the atmoſphere, which ſurrounds i it, would move 
the ſame way and at the fame rate: but if the heat of the fun was to 


— any of thoſe particles upwards, ſuch particles would' then _ 
rom 


8} | pay or Ae anus: ran io move only fr 
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5 che motion of ae is in Ke! — line, by peopoßtiob 466, it follows + 
that the particles. of the tail by theſe two motions together will continue = 
to move in the line of oppolition without deviating from it. 
Vpon the ſame ſuppotition that the nucleus is moving In a *ight line 
dire&ly from the ſun, the relif 0 of the medium, in which the tail 


noves, will not make it deviate from the line of 23 . or ſince, 94 ERP 9 
the ſuppoſition the tail — ind ine oppo refiſtance 135 I! 
en an eta dit or make bee lower ia at hiv, wor : "| 
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cannot make it 
Thus we have ſ — poſitions 
viate; it would _—_ be in the 7 >ppofi Niem If nucleus 
moving in the line of oppolition either are towards er: direct 
the ſan. . Krob hace: nen it follows that the n ought te 
greateſt, when the motion of che nucleus differs the moſt eſe 
ſuppoſitions ; that is, when the nucleus is moving at right than the 
line of oppoſition, or when it is in its perihelion. For when the nucleus. Þ 
is at P, the direction of its motion. is in nen Py at right angles to 1 
SPF the line of oppoſition. But yet: When the! Þomnet is in its perihelion | 
the tail does not deviate at all. Now if the tail was left behind the nu. 1 
cleus in the progreſſive motion, either becauſe the tail deſcribes a greater | 
orbit than the nucleus, or becauſe it is more retarded by the reſiſ 
the medium, through which it paſſes, than the Aa is, the tail muſt 15 
deviate, by propoſition 367. Conſequentl 7 when the comet is in the pe- 
ribelion, the tail is not left behind the nucleus in the progreſſive motion. 
But from what we have juſt now ſhewnit follows, that if the tail, when 
the comet is in its esa any progreſſive motion it muſt be ſlower 
than the progreflive motion of. the A and for that reaſon it would 
be left behind the aches. and would dove, Therefore, ſinoe the taił 
does not deviate, when the comet is in its perihelion, We muſt canclude 
that the tail at that time has no progreſſive motion. But if the tail, when 


in the perihelion, has no progreſſive motion, it cannot be the fame column 
of fmoke that attended the nucleus before it came to the perihelion, nor 


the ſame that attends it after it has paſſed the perihelion : for if it was 
| the lame column, it muſt have a progreſſive motion, * 3 of 
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DEfORE we go on to explane the phyfi al cauſes of the cele 
motions, it : will proper to fy ſomething of the uſe, which we 

of the ſun and moon in dividing 

| days, weeks, months, 


e — 
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noe ew er 


gene any ob vation is W eeguitte 10 Malk this diviſion: whoever has 


ſen the ſun perform one diurnal revolution, could not fail to divide time 
into day and night, - . rr Piotr er eng art) 1a th Dal 
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375. A natural con of the art; rficial day and ni abt together, or is the 
time that the fun takes up to complete one apparent revolution from 
eaſt to weſt round the earth, Pin: e 
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be jews and the athenians 
2 only, 4 . 0 reckon the next, from. 
the ſun- ſet. What we call A "natural day a night and 
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ether. There is e an inconvenience in beginning the natural Levy, 


F ſun-ſet is a variable 118 and the nat natural da YS,. 
n begin and end with ſun-ſet, will be of ifferent lengths. At = 


vernal equinox, for inſtance, the ſun ſets at ſix o'clock ;. the next day it 
will not ſet, till a little after fi and conſequently, the day after the 
equinox will be a little longer than the day of the equinox: in like man- 
ner, as the ſun ſets later every evening till the ſummer ſolſtice, the length 
of the natural days, which are not to end till ſun-ſct, will keep encrea- 
fing. From that time till the winter ſolſtice, the ſan ſets earlier every 
evening; and the natural days, if they are reckoned. from ſun-ſet, will ſhor- 
ten. From the winter ſollkice till t ne vernal and from thence, as 
before, till the ſummer ſolſtice ; the natural, days will lengthen. The 
Italians, who at preſent begin *. nd their natural day at ſun-ſet, are 
ſenfible of this inconvenience ::tl divide their natural day into 24 hours: 
they reckon it the 24th hour at ſun-ſet; and call it 1 0 ock, when the 
ſun has been down one hour. But as the time of ſun-ſet is variable, their 
24th hour will happen later every 
ſolſtice, . and earlier every day from 


ſummer to the winter ſolſtice : 


upon this account they are obliged to alter their clocks and watches 
every day. . N * n 
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_ ever part of the fare bufſfnefs was 


Whatever was done after the noon of one 
on again, after the interval of night, 


es bit ad eved Get cred diy with kn. They a 


nds this the deginning of their antun day, that They une and nd 


ether. There is the ſame iaconvenience poll 
fin-Fiſe-ax ken ier en the time of fan-riſs * 


ben yes 25 4 gc moe. af of ths it 6, 
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ſition 25, 80 that the u 


the ſatne length. But yet for r comtiion bie it watt d de inconvenient oY 


begin the day at noon: for then the natural day in in the 
middle . ery day, which is the time for ITN 


was done before noon, would be upon one day of the month, and what- 


on after the noon of the fame: 
artificial day, wren be eaten een the next day of the month. 


artificial day, and was carryed 
before the noon of the next artifi- 
cial day, notwithftanding the long interval, would be tranfacted upon one 
and the ſame natural day or upon che fame day of the month. avoid 


fach a confuſion, it would be the beſt way to reckon the whe artifi- 


in the 
n the 


cial day to the fame natural day, which cannot be done if we 
natural day in = part of the artificial day. And we have already 
0 


inconvenience inning to reckon the natural day e either from the end 
or the beginning = the artificial day. 


The moſt convenient time for beginning the natural 45 is Gans inva- 
riable point, which does not happen within the artificial day. Midnight 
is ſuch a point. The time of midnight is not within the artificial day, and 
is as invariable as the time of noon: for as there are 24 hours between 
the time, when the ſun leaves the meridian of a place, gon. the time, — 
it returns to the ſame meridian ; ſo likewiſe there are 24 hours between 
the time, when the ſun leaves the 1 meridian, and the time, when it 
returns to the fame oppoſite meridian. Midnight is the point 'of time 


at which we in England end one natural day and begin the next. This 


was likewiſe the point-of time where the Romans began and ended their 
natural day. We might prove _ by many authorities, that of Varro, 


as 
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(cited by A. Gellius; 4. 3.6 e. 2, wills ſufficient. ä Thoſe, fays he, who 
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are born wi un the ſume 24 veckoniug from one mi 


cher, are born in the ſame day. The Romans indeed _ —. to. 
be: Wed nal dear ah pans of the ti 
: berg por e ay Ir Re 1 , 1 


Sy The Roma: ne fate AD a was pſerved, under propoſi 
ti 2375. Each hour in the artificial day was 2 12th part of the aria 
coy and fo the reſm the hors in the lr. wer e from 
rinnin artificial day, of from ſun - xiſe . 80 that the firſt hour 
2 ended, dad, when — hed ben de gur & E af the artificial 
day wok the rake At noon half the artificial day was over; but 
| balf the artificial day is £ of the whole; and: conſequently naon was the 
6th hour of the day. The end of che 12th hour was at Tun-fet. They 
divided the night likewiſe into 12 parts, which were called hours of the 
night. The firſt of them ended, when the ſun had been one hour below 
thel or when +, of the night was over. Midnight was called the 
ch hour of the night. And the 12th hour of night ended: 
The jews uſed the fame fort of hours: as we fond in our Saviours pa 
rable of the labourers ; thoſe who were hired at the firſt hour, l 
the whole day; and thoſe, who were hired at the 11th hour, and work- 
ed from that time till fun- ſet, worked only one hour. i 

Such hours as theſe are of different at different times of che 
_ year, and therefore are called unequal hours. A winters day is ſhorter 
than a ſummers day, and conſequently + of a winters day, or a winters 
hour in the day-time will be ſhorter than z of a ſummers day or than 
a ſummer hour in the day time. To this Plautus alludes, Pſeudol, act v. 
ſcen. II. I believe, ſays Simo to Pſeudolus whom he finds drunk, that 
you could drink up the moſt plentiful Maffic vintage in an bour. You 
might have faid, replys Pſeudolus, in a winters hour, Sabie 

Theſe unequal hours are longer in the day - time than in the night, when 
the days are longer than the nights; and are ſhorter in the day-time 
than in the night, when the days are ſhorter than the nights. The hours 
of the day and night will be of the fame length only at the equinoxes, 
when the days and nights are equal. At that time of the year, z Part 
either of the artificial day or of che night 1 is z of a natural day. 
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* | count is from 12 O clock to 3 in the afternoon; For the crucifixion was 
3 dt the time of the paſſover, which was rener at e ee 
5 equinox. Therefore at that time their hours were of the dne length 
with ours. Their ſixth hour was fix hours alter ſun-riſe, which at the 
equinox is 12 O clock with us: and their ninth hour was nine hours after 
ſun- riſe, which at the equinox is 4 in the afternoon with us. But at any 
i! - other time of the year, except the ek TR their Ton Woo 
9 A not coincide with ours in the fame! an 2g 30 


3 378 We ſubdivide an hour into Gordy W 3 _ we. ps. minutes, 
our minutes into fixty equal parts, which we call ſeconds ; and our 
. - ſeconds are - ſometimes _ ſubdivided into 69. equal Lale 


e! are called thirds, 
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: The obſervance of a ſabbath, and in conſequence the diviſion of t time 
into weeks or periods of ſeven days, was one of the firſt commands, 
which God gave to Adam. Mr. Kennicott, in his very-ingenious diſſerta- 
tion concerning the oblations of Cain and Abel, has ſhewn that the ſab- 

bath was inſtituted by the divine authority, and obſerved by the patriarchs 
before the time of Moſes. This inſtitution was again renewed and the 
obſervance enforced in the fourth commandment: and by this means the 
diviſion, of time into weeks has been conſtantly preſerved amongſt the 
Iſraelites, and through their hands has been derived to us. Many learned 
men have endeavoured to ſhew that the heathens as well as the) Jews moe 
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oo deen hours, becauſe at the equinoxes the ſame length 
8 | and coincide with the unequal hours omg Wa; weld e FI. 
1 Thus the hours, which we uſe, and the hours, which the; Jews "uſed bs. | 
1 nerly, coincide with'one an or-are of the ſame Nag at the equi- 
. noxes. The only difference at thele times of the year would be in the 
* point from whence we begin to reckon. We reckon our twely 5 
| n evening from 12 O clock at non, and our twelve 
ning from 12 o'dock at midnight: che jews ckone twel : 
_ of the evening from ſunſet; and their'12 hour of the r morning or r 
| - from ſun- riſe. Thus St. Mark ſays, chap. xv. v. 3, that at the crucifixion 
= there was darkneſs from the fixth hour till us ninth, which in our ac- 
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met with in the writings of t | 

_ thole, 1 tacks traces, have been too haſty in conclu- 
| ding, chat ſuch vlan of time muſt neeeſſarily have ariſen from ſome 
| univerſal traditic : they take take it for granted ted that there is no wn plant 


ture for dividing deem, pe into weeks or 
 ſequenitly,: if all nations have made ſorne ſuch diviſion, this une 
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n+ we. 92 5 10 woe there are beer 
of. the antients. But | 


* diviſion: 


s of ſeven days; 


cuſtom, as it maſt have ſorne univerſal cauſe, muſt have ariſen at firſt from 
| , and mule have dere n derived by tradition from Adam. 
not reaſon from the univerſal cuſtom 
; od inſtituted the ſabbath : we x 
. did; and thetsfore will lay no 
which depends upon a falſe prin- 
ok 93 dur religion, if we 
ted the ſabbath: but ĩt 


new moon; but yet t 


E — our r time e months. It IN be as _— Ml 
fon; that there is no natural meaſure of time, roar, rakes afion 1 
to a diviſion of it into lunar months, becauſe God der pn the feaſt 3 
the new moon; as it is chat there can be no natural meaſure im 1 


which could: give occaſion to a diviſion of it into weeks, 
pointed that 2 ſabbath ſhould be obſerved every ſeventh | 

they, who lay any ſtreſs upon the argument, that we are now exami- 
— may ſay that I miſtake them: they do not conclude that there 


dan be no natural meaſure of time, which divides it into weeks, be- 


cauſe God inſtituted the ſabbath; but that the univerſal diviſion of time 
into weeks muſt have been owing to ſome poſitive A PRE ment, delive- 
red down by univerſal tradition, becauſe they know of no natural mea- 
ſure, which could give occaſion to ſuch a diviſion. We are agreed then 
that God inſtituted the ſabbath, whether there is any ſuch natural mea- 
ſure or not; and that the authority of the Moſaic hiſtory relating to this 
inſtitution will not be leſſened, if we ſhould find out chat the return of 
this feaſt, like the return of many others, was after ſuch a period of days, 
as a natural meaſure of time would give others occaſion to make, who 
had received no traditional account © the inſtitution of the abbath. 
A lunar month is a very obvious diviſion of time, and has been uni- 
 verſally uſed by all nations. The time between one new moon and the 
vert is a period, WHOS? is {et out by a very regular * remarkable ap- 
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hal ts. r 
'n tom of ch be . „ 
quarters.” ur f e. knew li e or eothing\ of 
nths, when they fir obſerved the ſabbath anc divided their 5 
time d N I agree that hey ect ved this dien from 
pointment; as they received+ their inſtruction: in many other hings, 
which experience and reaſon would polnt.out to their palterity, indi: . 
bret tevelation. But then I deny, that we muſt have recourſe to uni- 
a mente. <0 account for the diviſion of time into weeks amongſt 
heir poſte line td m ons different appearances, which evade yr 
quarters. A lunat Hebel — conlift of — 12 Hours; 44 
minutes, and 3 ſeconds, by propoſition 139, a quarter of this is 7 days, 
9 hours, 11 minutes, and about 1 ſecond: ſo that a week is more ne: 1 
equal to a que ter of a lunar month than any other period of whole days, 
Therefore as four very remarkable and different of the moon 
month into quarters; this would naturally gi occaſion to 
thoſe, who bad received no traditional account of the abbeth, to dir de „ 
their time i into weeks. Varro, as 3 by A. Gellius, I. 3. c. 10, in his 
account of the force and efficacy of the number ſeven, takes notice of a 
diviſion of time into weeks: a woman, he ſays, who goes her full time, 
is not delivered till aſter _ madas or weeks: but then, amongſt. | 
| other inſtances of the vaſt importance of this number, he 1 
which ſhews us, whene 
might have been derived. Ther moon eee its iting times ſore 
"== for in 26 days it returns to its former ſituation : E 
he adds, had Ariſtides the Samian for its author. He is here a little 
miſtaken, whether he ſpeaks of the periodical or ſynodical month: 28 
days is longer than the former and ſhorter than the latter. But whate- 
ver his miſtake might be, it ſhews us that the antiefits had ſome regard 
to the moons appearances, when they divided their time into work, | 
Indeed this diviſion of time does not ſeem to have been made uſe of by 
the Romans for any religious purpoſe. 'They do not appear to have 
had any weekly feſtival or facrifice ; their nundinae, when thoſe who lived 
in the country met together at Rome, have the neareſt reſemblance to 
ſuch a periodical feſtival: but theſe, as the name imports, returned every 
ninth il d and not every ſeventh. A week ſeems to have been a period, 


3 | | | | | made 
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N e ee aided auth me more univer- 
ſal when the ſeven days of the week had latin names given to them rom 
the ſeven planets in what we now call the Ptolemaic ſyſtem. This ſy- 


ſtem was in uſe in Ciceros time, as we learn from the ſomnium Seipionis; 
t 0 


and it was after. his time that the days of the week had names 
them. Dio Caffins, l. 5, a that theſe | names were invented | 
by the nee efore he wrote. If we call fan the firſt 
day of the week, he ſtand in this order, the firſt or ſunday is the 
day of the fun, the ſecond or monday is the day of the moon teeny, 
is the day of mary, wedneſday of mereury: N eee friday 
of venus, ſaturday; of faturn. n enquired both 
_ why the names of the d 5 in the week, re av 2 
nets in the Ptolemaic fyſtem, fhould ftand in a different order from the 
WN in that eee and er rule the Egyptians obſerved in giving 
theſe planetary, names, ſince they were not determined by the order of 
fat rule, which they obſerved, is planely this, they wn av 
with the firm Fc reckoning from thence downwards i in the ſyſtem 
named each day from the fourth planet incluſively. Thus the fourth pla- 
et incluſively from the ſun is the moon: the fourth planet inclufively . 
from the moon is mars: the fourth melafively from mars is mercury: 
the fourth inclufively from mercury is jupiter: the fourth inclufively from 
jupiter is venus: and the fourth inclufively from venus is ſaturn. The 
planetary names of the week ſtand in this order. But having found out 
the rule itſelf we are next to find out the reaſon of it. A week is a quar- 
ter of a lunar month ; and Tonſequently we may reaſonably imagine that 
the names, at aſt of ſome days in the week, would have ſome reference 
to a lunar month. Upon this ſuppoſition let us conſider what names 
would be moſt likely to be given to the firſt two days of the month, for 
thoſe are the moſt likely names to be given to the two firſt days of the 
firft week in the month, and in conſequence of that to the two firſt day 
of every other week. Now the firſt day of a lunar month is the interlu- 
nium,- or the day when the moon is in conjunction with the ſan, and 
therefore i Is invi ible : fo that upon the firſt day of the motten, chere is 
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ow choſe to obſerve the ſame order in naming t 
ob 


el + NOR e len b which aca, y m 
duliarly dies ſolis the day of the ſun. Perhaps it mi 


count that the veopenvics or feaſt of the new moon at. CALL 
ſacredl to all the „ ſhould yet ee 


lo or he fun. Upon the ſecond day of the lunar mgn a 


diſc begins to be enlightened it is dies lunae naſcentis, the day, . whe 1th ] 


ins: and for this reaſon, thoſe, who, invented the. lanet: 


23 Hee e out. wh the firſt day! in the firſt week of a lunar month ae 

be called the day of the ſun, and why the ſecond day of the ſame week. 
might be called the day ofthe moon. Theſe two jg as they are placed. 
in; T Ptolemaic foftern, are the fourth from one another incluliyely : and 
| whenthere was no particular reaſon! for giving the name of any one pla- 
3h ner mares FOI 2 to the following: af c whe 1 4 | 


day t 
be 10 3 the better, 1 8 on wth. it, N85 laſt 1 
yo would be ſaturns day, and then taking the fourth Rr ig 
: x toy om ſaturn the firſt 8 of the ſecond week in the month would 


ſuns day. Thus the rule of taking the fourth planet incluſively in 


naming the ſucceſſive days was not principally deſigned. The firſt and ſe- 


cond — of the firſt week were called the days of the ſun and the meon 
for another reaſon: but as theſe planets e to be the fourth from 

one another, and it was quite indifferent how the named the other days; 

the reſt, which had been 

erved in naming the two firſt, And when the days of one week had 
received theſe names, it was natural to obſerve the fame order in ROWE 


the days of all other weeks, 
380. A civil lunar month is a peri 1 ec robich i is 405 gud 7 be ! 


to the time of one lunation or of one ſpnodical month, 
There is a remarkable change of the moon at the new: and as theſe 


; changes return regularly, they ſerve to divide our time into ſuch periods 


as we call ſynodical months or lunations. A periodical month is not ſo 
uſeful a meaſure of time ; becauſe the return of the moon to the fame 
point in its orbit does not fall under the notice of common people; ; 
whereas the changes of the moon can ſcarce fail of being taken notice of 


by every body. But then though a ſynodical month is. a period ſet out 


by ſuch remarkable limits as the changes of the moon , yet ſome art muſt 


be uſed to make it fit for common uſe, It is neceſſary that 0 our princi- 


75 N 


3 vr bal „ PHILOSOPHY. 
9 e ene eee the may We 
"3 N as * how to compute time by months, it is L that a 
month ſhould be a period of time conſiſting of a certain number of whole 
days. A ſynodical month is not ſuch a period : for-it conſiſts reden. 
1 44 minutes, and 3 ſeconds: and conſequently { ſome contri- 
vance is requiſite to adjuſt the 2 1 11 month in ſuch a manner. As to 
make it conſiſt of a determinate number of days without any odd hours; 
and yet ſo as to make the month correſpond to the moons 3 A 
month 6 adapted to common ule is called a civil month. This might be 
done by making the ae a confiſt of 30 and 29 days alternately; One 
ſynodical mon 1 conſiſts of about 29 days, and two conſiſt of about 
59. days. Therefore two civil months one of zo and the other of 29 days 
Will be nearly equal to two ſynodical months: ſo that, though the firſt 
of theſe civil months would be too long to correſpond with the-moans 
changes, yet the other would be juſt as much too ſhort: conſequentl |: 
both together would be equal to two lunations: if the firſt began wit 


the new moon, the ſecond would begin 12 hours after the next new moon; 
but then it would end with the third r new e ror Oh: whence a a 1 
month 1s to begin. 7 Cr ns a 


381. 4 ſolar | month i is ; the 1 time i that the fan take OX fo '& teh, a or 
nin the Zodiac. 


Thoug h the month. wy its name 7 ale che moon, and was. origi- 
| nay a ED of time ſet out or limited by ſome. change 1 in the moon; 
yet we call any period of time by the ſame name, if it is nearly equal to 
the time of a lunation. The ſun goes apparently round the zodiac in 
ſomething more than twelve lunar months: this was undoubtedly the 
reaſon why the zodiac was divided into twelve parts or ſigns. Properly 
ſpeaking no period of time ſhould be called a month, unleſs it is ſet out 
by ſome change. of the moon. The time, that the fun takes up to go - 
through. a ſign in the zodiac, is however. called a month, becauſe it is 
nearly equal to one: but as it is a period of time ſet out by the ſuns mo- 
tion, it is called by way of diſtinction a ſolar month. Its length is 30 days, 
10 hours. 29 minutgg, and 5 ſeconds. Such a month as this is unfit for 
common uſe, becauſe it does not conſiſt of a certain number of whole 
days: the methods of adapting it to common uſe will be beſt underſtood: 
from the following propoſitions relating to years. 


382. A civil year is a period of days, bi 255 ts defend. fo be 1155 to one 
OR, PS 
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equinox pat” os next; or 3 one ng. the — 
we ma n the tropical year from any one ſe points. Such a 
— 255 days, 5 rh The tropical kt Rint | 
2 for o ommon uſe than the periodical year, which we have ſeen mrs =o 
piopcttien 612 the ſolſtices and the equinoxes are remarkable e 
which fall under the notice of our ſenſes and under common N 
though ordinary people cannot determine exactly nnd . 
ces and equinoxes, yet they cannot help obſerving that at one ſeaſon of 
the year the day is Sch longer, and at N ſeaſon is much ſhorter 
than the night; and that at ewo- other ſeaſons che day and night are 4. 
bout equal to- one another. W s it requires more obſervation and 
ſome knowledge in aſtronomy to know any thing of the ſuns place in the 
ecliptic, or of the time that it takes up to revolve once in theecliptic, But 
ret, though a tropical ye is determined by ſuch limits as common people 
are acquainted with, ſome art is required to adapt it to common u 8. "or 
fince in the affairs. of common life we co put our time by da 7 
period, which is deſigned for common uſe, ſhould conſiſt o N certain. 
number of whole days. Therefore a civil year, or a year intended for 
common uſe, ſhould have theſe two characters, it ſhould be equal to the 
tropical year, and ſhould conſiſt of whole days. It is impoſſible to make 
theſe two characters agree to any ſingle period: fot any ſingle tropical 
| year does not confiſt of whole days, it contains more than 365 and fewer 
than 366. But in a number of years this may be brought 0 For if 
ſome of the civil years in that number are made too ſhort for the os 
pical year, then by making ſome one year of the number too lon 
defect, that there was in the reſt, may be ſupplyed, The manner ps Fro wp⸗ þ 
5 plying this defect ſhould be obvious and regular; becauſe as the civil year 
is intended for the uſe of common people, they muſt have ſuch a ru to 
go by, as is cafily underſtood and readily remembered. | 


383. 4 fried of twelve lunar months is called a lunar Be WIS" your: 


Twelve lunar months, by propoſition 139, contain 3 54. days, 8 hours, 
48 minutes, This period, becauſe it does not fall far ſhort of a tropical 


year, and is regulated by the moon, is called a lunar year; But as this 
period is about 11 days ſhorter than a tropical year, ſuch a lunar year 
will be finiſhed and begin again about 11 days ſooner than the tropical 


year, 


n — Tbe lunar year 
—.— ak the, _ 


| t year will — 2 Then the 
R—_ . from the winter ſolſtice, at the rate 
65 aboud 11 days exery year, till.it comes to the autumnal equinox. From 
kwards at the ſame rate, till it comes to the ſum- 
mer. ſolitice ; and at laſt returns to the vernal e equinox again. And be- 
cauſe the beginning of ſuch a lunar year isnot fixed, but Oy 
the ſcaſons, the year itſelf is called a wandering one. 
Ihe mohammedans make uſe of ſuch a year as chis. But as the luna 
year conſiſts of 354 days, 8 hours, 48 minutes, and is nota period of whole 
days; they are obliged to uſe ſome art in adapting ſuch a year to the 
| prope poſes of common. life. The 8 hours and 48 minutes, by which one 
lunar year exceeds 354 days will in 30 years time amount to 11 days. 
—— if the firſt year in a cycle of 30 began from a ne moon, and 
year gonbes of only 354 days, "the ef yent of eiemeentds 
— begin 11 dayg before the new: ſince, by reckoning a year to con- 
ſiſt of only 354 day they would in each year loſe 8 hours 48 minutes; 
and conſequently in 30 years time their year would want 11 days of its 
true meaſure. To remedy this defect, — make 11 of their years in a 
cycle of 30 conſiſt of 355 days, and the other 19 of 354. By this addi- 
tion of 11 days in 30 years, the defect is ſupplyed, and 30 years at this 
rate of reckoning will amount exactly to 10631 days, which is juſt the 


number of days contained in 30 lunar you N 3 54 days, 8 n 
48 minutes, to every year. 6 


384. A wandering folar year confifts of 36 5 days. : 
The egyptians ſeem originally to have made uſe of a year, that con- 
ſiſted of 12 months each containing 30 days, ſo that in the whole year 
there would be only 12x30 300 days. They afterwards found that 360 
days were not equal to a tropical year: and therefore to their 12 months 
they added 5 days at the end of the year, to make the number of days 
365. The Fable, in which the egyptians dreſſed up the account-of theſe 
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its annual circle in 360 days: 
many equal parts, 
And "from this ſtandard they ne 
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var-year, out of which he compoſed days, and added theſe to-the year 


of 360 days, that the might de delivered.in mem Whatever is Ee . 
may mean in other reſpects een us what was o iginally the length of 
the civil year in Egypt. 1 5 addition 
were not diſtributed am he mo 
conſiſted of 30 days N r T 
at the end of 


ion days, or days 1 intercalation, 
onths of the year: the r arp lt 


the 3 after the original 12 mende — — e 1 
' This ende eien dv ga ci 60 e. qual | 
ts or degrees. The firſt aſtronomers imagined, / > ſan di 1 
pa 2 they therefore divided this * into as 
as the ſun in their o 4 ee Teen ener in 
ther cireles in the berger man- | 
ner. >; | 


But after 5 days were added t to And Gm Wk and the civil yea 


b * * , » 6 


www made to conſiſt of 365 days; it was ſtill: ſhorter than the tro- | 
pical year, by propoſition 63. Such a year would be 1 
begin again, before the tropical year was expired: therefore the beginning 


expired, and wauld | 


of this egyptian year would go backwards in reſpect of the ſeaſons. A 
tropical year conſiſts of 365 days, 5 hours, 49 mo an egyptian year 
conſiſts only of 365 days. Therefore if one egyptigu year was to begin 
at the inſtant of the vernal equinox; the next eg Han year would be- 
gin 5 hours 49 minutes before the inſtant of the equinox ; the third year 
would begin ſtill 5 hours 49 minutes earlier, in reſpect of the equinox, | 
than the laſt: and thus in a courſe of years che beginning of the egyp- 
tian year would wander throu gh all the EY and return to o the r 
equinox again. Mine | 


38 5. A common julian year confiſts f- 3 6 5 days, and a 22 or 2 year 


confiſts of 366 days. 
We make uſe of this ſort of year in England : it was firſt introduced 


by Julius Caeſar, when he reformed the Roman calendar. The Roman 
year underwent ſeveral alterations. Plutarch, in the life of Numa, fays, 


that the months made uſe of in the time of Romulus were yery confu- 

ſed ; ſome of them conſiſted of fewer than twenty days, ſome of thirty 

five, and others of more, Little regard was had to the difference between 

a lunar and a ſolar "es the only whats that was attended to in 4. 
| 1 
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wants ont month, it is not neceſſt dry that it old t be t 
ding december was the tenth month, yet there 1 be N ä 
months in all. Romulus perhaps, began his yea rear in march, intending to 
begin it at the vernal n been, — he altered the calendar, 
3 the point of e | i began his year in january intending 
to begin it — ths winter ſolſtice. This agrees with what Varro ſays, 
that 4 year means the time which the ſun takes up to go round from one 
winter ſolſtice to the next; de ling. lat. I. 5; and thus january and febru- 
ary, which were the two laſt months in Romulus's year, became the 
two firſt in Numas. I ſuppoſe it will be granted, that there was ſudPa 
month as january in Romulus's year, if we can ſhew that there was ſuch 
a month as february : for it was never thought that Numa added only 
one month to the year, if he made any addition at all it was of the two 
months january and february : ſo that if we can ſhew, that the month of 
february was in Romulus's year, we may take it fon granted that january” 
was there too. ebruary i in N umas calendar never conſiſted of ſo 2 a8 
23 days, and was the ſecond month of the year. Therefore, if we can 
ſhew, that it was once a month of 23 days, and was then the laſt month 
of the year, we may conclude, that it was in the calendar of Romulus. 
- Certainly from Plutarchs account of the irregular lengths of Romulus's 
months, we are at liberty to ſuppoſe, that february might in his calendar 
conſiſt of only 23 days. The terminalia were celebrated upon the 23d of 
february : and they were called by this name according to Varro, e ling. 
lat. I. 5, becauſe that was reckoned the laſt day of the year. Indeed from 
Ovid, faſt; I. 2, we learn, that upon this feaſt the Romans ſacrificed to ter- 
minus the bounder of their. eſtates : but we may depend upon Varros' 
authority, that, whatever other terminus might afterwards be regarded in 
the celebration of this feaſt, it was originally called terminalia, becauſe 
it was the laſt day of the year, But if februaty 23d was once the laſt day 
of the year, then february muſt at that time be the laſt month of the 
year, and muſt conſiſt of only 23 days. We ſhall find this opinion far- 
ther confirmed, as we go on to examine the changes made in the Roman 


calendar. When Numa corrected the calendar, beſides changing the be- 
285 gin- 
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When we fay that Numas year conſiſted of 366 days, we muſt-taks 
in a cycle of more than one year or twelve months. For when Numa 
regulated the calendar, he divided the days though nat with any exact. 

nels into 12 lunar months, ſo that the yeat, unleſs there was an interta·- 
ang, ſhould regularly have conſiſted of only 3 54 days, by propoſition 
383. But the ſuperſtition of the times made it neceſſary, that there ſhould 
be an odd number of days in the year; and for that reaſon he made his 

common years conſiſt of 3 5 5 days, as we learn from Macrobius, 420 
By the addition of this day he had another advantage in 

numbers, which was, that all the months contained an o- 


2 
1 — 
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days, mer february, which was facred to the infernal deities, and there- 


fore was allowed to oontain an even number. The order of the, months 
and the number of their days was this : january 29, february 28, march 3r, 
april 29, mayz 1, june 29, july, then called quintilis, 3 1, auguſt, then called 
ſextilis, 29, ſeptember 29, october 31, november 29, december 29. But 
though he made uſe of lunar months, and though each ſingle year, if 
there was no intercalation, was a lunar year: yet he took care at proper 
times to add as many days as were requiſite to make the year up 306 days. 
Numas year fell 10 days and about 6, hours ſhort of a ſolar year. The 
| year made uſe of by the Greeks conſiſted only of 3 54 days, and ſell 11 
days and about 6 hours ſhort of a ſolar year. Theſe 1 1 days 6 hours a- 
mount to go days in 8 years time: therefore the Greeks in every 8 years 
intercalated three months of 30 days each. Numa made an intercalation 
equal to this, though his year was a day longer than theirs: and if theſe in- 
tercalations had been conſtantly made, then in 24 years time the year 
would have been 24 days too long. But to avoid this, it was contrived; 
that go days ſhould be intercalated in the firſt and ſecond cycle of 8 years; 
but then in the third cycle of 8 years the intercalation was ſo managed as 


ber: in the fecond and fixth years there was a month of 22 
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that every twenty fourth year, by t | 
the days of the year were brought 1 e 3 "with b the A motion. 


In the firſt two cycles of 8 years, the i ation was made in this _ | 
ter- 
cahted, and in the fourth and cighth years a month of 23 days. In the 
third cycle of g years the intercalations muſt have been otherwiſe made: 
for intercalations made at this ** ind = „ 
0 in eight ; whereas in C rs only ys. 
2 be aal but it does not appear War rule Rr followed in this- 
* Intercalation, The intercalary month was called merkedinus: and the 
| intercalation: was not made at che end of december, which was the end 
of Numas year, but after the terminalia or 23dof february, which had: 
before been the end of Romulus's year.” So that the 5 additional days, 
which followed the 23d of februar. „Were moved out of their place to. 
make way for this 3 
Such a year as this, though it was + ds tos perplexed for common. 
alt; would have agreed well enough with the ſuns motion, if the inter- 
calations had been made regularly. But the management of this affair 
was left tothe pontifices; and they ſometimes intercalated more and ſome- 
times fewer days than they ought. If they had a mind to favour a magi- 
ſtrate, or to give an aeg to a farmer of the publick revenues, they 
made the year longer than ordinary by an undue intercalation: and on 
the other at: they diſliked a magiſtrate, or were willing to do a diſſer- 
vice to a publican, they made no intercalation, when they ought to have: 
done it. But diſlike had been of more weight than good will, for more 
days had been unduly omitted than had been unduly added, ſo that in Ju- 
lius Caeſars time the year, for want of prop 1 intercalations, Was become 
too ſhort; the beginning of the civil year had gone backwards in reſp 
of the ſeaſons; ; and the firſt or calends of january were at the ſame part 
of the tropical year where we now Place the 23d. of 8 
Before vre explane the manner, in which Caeſar reformed the calen- 
dar, it will be neceſſary to ſay ſomething of the Roman civil months. 
They were divided into three parts; the calends, the nones, and the 
ides. January, in Numas year, contained 29 days, as we have already 
obſerved. The firſt day was called the calends; the ſecond day was the 
fourth of, or before, the nones, the third was the third of the nones, the 


fourth was the day before the nones, and the fifth was the nones, Then. 
the 


the ſixth was the eighth of the ides, the ſeventh was ſeventh of the ids, 
the eighth was the Fh of the 3des; and ſo 0n-tll the 13th, Which u 
| called the ides. The. fourteenth. of january was called the 17th before the = 
| talends of february, the 16th was called the 16th before the calends of == 
february ; and & on, till the 2gth which was the day. before the calends = 
of february. The reſt of the months were divided much in the ame 
manner, except march, may, july, october, and february, Only four days 
of january from the ſecond to the fifth incluſively were. named from the 
nones; ſo that january is ſaid to have four nones: but fix days in march, 
may, july, and october from the ſecond to the ſeventh incluſively. were 
named from the nones, ſo that theſe. months are id to have fix nones, 
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eight days that were named from the ides: the firſt of theſe was the dag 
after the nones, and it was called the eighth of, or before, the ides ; the laſt 

of them was the day of the ides, which was always the ninth day inclu- 
ſively from the nones. Now the. nones of january, february, april, june, 
auguſt, ſeptember, november, and december were upon the fifth day of 
the month, and conſequently the ides, which were the ninth day from 
the nones incluſively, muſt be the 13th day of the month. But the nones = 
of march, may, july, and october were upon the ſeyenth day of the month, 
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and conſequently their ides muſt be upon the 15th. From the day after 


< 


* ö 


the ides of any month, except february, to the firſt day of the next month 
incluſively were 17 days: the four months, whoſe ides were upon the 
4th day, | contained in all 3 1 day 8 : therefor 2 there remained 1 6.4 4 
after the ides, the firſt of theſe 16 days, or the day after the ides, was cal ; 
from that day to the calends of the month following there were 17 das 
if the calends of the month following are included in the reckoning, Thus 
the day after the ides of may was called the 17th of, or before, the ca- 
| lends of june. All the months, whoſe nones were upon the 13th day; 
except february, contained only 29 days: ſo that in theſe likewiſe as well 
as in the other four months, there were 16 days after the ides: and by 
an incluſive reckoning the firſt of theſe 16 days was called the 17th of, or 
before, the calends of the month following, as we have juſt now ſeen in 
the inſtance of january. February contained only 28 days: it had four 
nones, like january, and eight ides, like all the other months: its ides 
were upon the 13th day of the month : and conſequently after the ides 
there would remain only 15 days in the month: the firſt of theſe by an 
incluſive reckoning - was called the 16th of, or before, the calends of 
«march, DE | | wh 1 * eq roryt 
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— remedy this, his firſt buſineſs was to add all the days, which h 8 


— un of theſe names which were FOE thethiee pri Fol 
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a | 48 FI hank 15 that time f 4 pai ff wh moon a da ple nam 
ciem.monſtrare or was at the full. The nones ſeem to have been ſo 
. becauſe EF; were dies nonus the n eee n the 
4 5 0 
But to return to Cacſars ee che calender, The beginning; f 
the civil year by the omiſſion of intercalations had gone backwards 1 in re. 
ſpect oft Hh Jak Therefore when, as pontifex maximus, he 
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* : 


omitted, in order to bring the beginning of the year near to the winter i 
ſtice. And to ſpeak more diſtinctly upon this ſubject we muſt obſerve, that 
this great intercalation was made in the 46th year before Chriſt. In the 
ear before this, or in the 47th year Gre Chi, the former omiſſions 
i amounted to 80 days, ſo that the calends of january fell at the fame 
ſeaſon with our I 3th of october. The year 46, before Chriſt, like all the 
other Roman years conſiſted of only 335 — and therefore was 10 days 
ſhorter than the tropical year, Conſequently in this year there were 
| 80++10==90 days to be intercalated, in order to reduce the calends of ja - 
nuary to their proper place. Caeſar therefore intercalated the month mer- 
kedinus of 23 days after the 23d of february, and likewiſe in the fame 
year made another intercalation of two months, which together made 67 
days. Thus he added 23-+67==90 days to the year of 355 days: by 
which means this year conſiſted of 90-3 55==44 5 days. This is called, ; 
by Macrobius, annus ultimus confuſionis, the laſt year of confuſion, be⸗ 
cauſe it put an end to the former confuſion in the ps year, 5 
It was in the year before this year of confuſion that Caeſar, as Hirtius 
ſays, Bell. Afric. 2, took ſhip for Africa on the 6th of the calends of j ja- 
nuary, which is the 27th of our december. But Cicero, in his ſecond 
book concerning divination, chap. 24, affirms that he failed ante brumam, 
before the winter ſolſtice, Now Pliny informs us, Nat. Hiſt. 18, 2 5, 
that the antients placed the winter ſolſtice upon the 2 5th of our decem- 
ber. Cicero may therefore appear inconſiſtent with Hirtius ; fince the 
former affirms that Caeſar failed before the winter ſolſtice, and the latter 
that he failed upon the 6th of the calends of January. But here we ſhould 1 8 
remember, that this expedition into Africa happened in the year before the 


"Yar. was reformed: and in that year the 6th of the calends of january 
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 Cacfar was affiſted i in \ reforming the calendar, by Loligenes an alexan- ; 
| drian aſtronomer ; -who not e only taught him to correct the errors, that 
were paſſed, but likewiſe to prevent any conſiderable. ones for chef future. 
A common year, according to Numas calendar, conſiſted of 355 days. 
Caeſar added 10 days to the common year, and maker conſiſt of 365 days. 
He added 2 days to january, 1 to april, 1 to june, 2 to auguſt, Saris of 
tember, 1 to november, and 2 to december. This made t months of 
_ the length, that we find them at preſent. Theſe days were added at the 
ends of the months: ſo that the nones and ides continued as they were 
in Numas calendar. The only alteration made by theſe additions was, 
that the months, where theſe days were added, have more calends than 
they had before. But then a year of 365 days i is ſhorter than the tropi- 
cal year, by propoſition 63 ; Caeſar ſuppoſed it to be 6 hours ſhorter. 
Theſe 6 hours in 4 years time amount to a day: and therefore in every 
fourth julian year a day is added or intercalated, or every fourth year 
conſiſts of 366 days. Theſe: fourth years, which conſiſt of 366 days, 
we call biſſextile or leap- years. The intercalation of a day, by the julian 
inſtitution, is madein the ſame place where the additional month or mer- 
kedinus uſed to be intercalated in Numas year, that is, immediately af- 
ter the terminalia or 23d of february, And the year is called biſſextile 
ob bis ſext : calend. mart, becauſe in that year there are two 6th of the 
calends of march or two 24ths of february. By this additional day febru- 
ary every fourth year contains 29 days. We call ſuch a year leap-year, 
becauſe each day of the year leaps or paſſes over a day of the week after 
the intercalation is made. Thus ſuppoſe the 25th of march to fall upon 
a monday one year; then in the year following, if it was a common year 
the 25th of march would fall upon a tueſday : but if that following year 
was a leap- year the 25th' of march would then be upon a wedneſday: fo 
that the 25th of march would by this means paſs over tueſday or would 
not happen upon it. 5 
The uſe of the Fall year den with the 4 «h year before Chriſt, 
but a miſtake was immediately made in the time of intercalating; z for 
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| nn — beginning of 5 
whereas they ſhould not have intercala — nn, 


| they added a day for every three years, whereas they ought to have added 
only a day for every four years. This error continued for 36 years: ſo that 
they had intercalated 12 days in theſe 36 years; though only 9 days 
ought to have been intercalated. There were therefore 3 days to be 
thrown out of the calendar, 5 was done by making no intercalation 
for 12 years: for in 12 years, there ſhould regularly be 3 leap- years or 
3 days intercalated: therefore by omitting to make any intercalation. for 
12 years, they threw out thoſe 3 days, which their former error had add- 
ed. Thus it was 48 years after the julian year was contrived, before ii 
| bahay eee 
e it ſhould. | 


386. Ajulen year i lire: than 0 e 


The method of intercalation. in the julian year, ————— oi | 
conſiſt of 365 days, 6 hours: for every common year contains 365 oo 
and the 6 hours amount to 1 day ane en, when an! 
tion is made; and that year, when it is mad 


tropical year conſiſts o only 365 days, 5 haves, en minutes. T herefore 
by the julian method of intercalation the civil Janie is made 11 minutes 
longer A the tropical year. 
In 131 years time 11 minutes for chene amount to 1 ow There- 
8 in 131 years time the julian year becomes 1 day longer than the tro- 
pical year. Now as we have ſeen in propoſition 3 5, 4, if the civil year is 
too ſhort, the beginning of it will go backwards in — ey of the ſeaſons; 
O if the civil year is too long, the ſeaſons will go backwards in reſpect of 
the beginning of the year. Thus ſuppoſe we were to begin our civil year 
upon: the 21ſt of march and that the vernal equinox was to happen upon 
the 21ſt of march; in 131 years time our year becomes a day too long 
for the tropical year, and conſequently the vernal equinox will come 
round a day ſooner than our year: ſo that as our year by che ſuppoſition 
is not to begin till the 23ſt of mareh, the vernal equinox will happen 
upon the 20th or 1 day before the vernal equinox. In 131 years more 
the vernal equinox will happen upon the 19th of march: and thus the 
vernal equinox or any other ſeaſon will go backwards i in relped of ths 
civil year, at the rate of 1 day in 13 I years. 


387. The gregorian method of intercalati on makes the civil year n nearly 
” to the fropical year. 


eee 
tim ol ore amel f Nice; in the ur after Ohr fins 6 a 5 5 
3 the 21 6Finanth; In the year x 82 i i 
ory XIII. found: aha I had gone backwards 10 days and ee 3 
n the 11th of march. From hence it appeared tha the Jullan ye 5 
1 by which they then reckoned, had been 10 days too long between the 
Wnt. i: time of tke council of Niceand the year 1582. Gregory therefore deter- 
_ mined to throw theſe-10 days out of the calendar : which he did by or- 
dering, that what would otherwiſe have been the 5th of oftober ſhould 
be reckoned. the 15th; and thus what would otherwiſe have been the 
11th of march became the 21ft. So that the equinox, which, if this had 
not been done, would have happened upon the 11th of march, was re- 
duced to the 21ſt. Wherever his authority was admitted this chang e Was 
made in the account of time. But in England, where the pope Bad no 
authority, we {till adhered to our old en ez This made the firſt diffe. 
rence between our account of time, which we call the old ſtyle, and the 
foreign account, which we call the new ſtyle. The firſt difference between 
old ſtyle and new ſtyle was 10 days: we called the day of the vernal 
equinox the 11th of march, and the foreigners called it the 2 1ſt. Where 
the reader · ſhould obſerve that the foreigners do not ſuppoſe the vernal 
equinox to happen at one time and we at another; we placed the vernal 
equinox upon our 11th of march, and they, not upon our 2 iſt, but upon 
their 21ſt, which is the ſame day with our 11th. We both placed the ver- 
nal equinox upon the ſame day, only we called this "uy the 1 ich, , and. 
they called it the 2 1ſt of march. 
When Gregory had thus corrected che error, which had ariſe before 
his time, he contrived ſuch a method of intercalation, as will prevent the 
like error for the future. The julian year is 1 day too long in 131, and 
_ conſequently is 3 days too long in 3x131==393 years time. Therefore,” 
to bring it to a proper length, 3 days are to be thrown out of the julian 
account in 393 years. For the fake of a round number, which will be 
more eaſily remembered, and is fitter for common uſe; let us fay 400 
inſtead of 393 years. By the gregorian-method of intercalation 3 days of 
the julian year are omitted in 400 years. The method'is this: in theju= 
lian account every 4th year is a leap-year : and conſequently every year, g 
which is any multiple of 4 is likewiſe a leap-year. Therefore every 1ooth 
year is a leap- year; becauſe 100 is a multiple of 4, for 2 5x4==100, But 
in a cycle of 400 years 3 days of this account are to be omitted: and 
this omiſſion for common uſe is to be under ſuch a regulation as may eaſily 
be remembered. Now if in a cycle of 400 years the 1 ooth the 200th 
and the 3ooth years are made common ones, then 3 days will be left out 
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of the julian account: for in the julian account each of theſe would beet 
leap- years, that is, there would be a day intercalated in each of them, bf 
| which is omitted by making them common years. If the 4ooth year was 
made a common year, then in the cycle of 400 years 4 days would be 
left out of the ** account: whereas in 400 years only 3 days ought 
to be left out. Therefore in the gregorian as well as in the julian account, 
every 4ooth year is a leap-year: Thus in a cycle of 400 years the gre» 
gorian intercalation by 1 100th year, except the laſt, a com- 
mon one, leaves out 3 days, which in the julian account would have been 
intercalated. Therefore by this method 400 gregorian years are 3 days 
ſhorter than 400 julian years; But ſince in 400 years the julian year is z | 
days too long; the gregorian method of intercalation will make the civit 
Nov if every goth year in the gregorian account is a Ieap-year, as well 
as in the julian account; it follows that every 100th year which is a mul 
tiple of 400 will be a leap-year with other nations, who reckon by new 
ſtyle, as well as with us, who reckon by old ſtyle. Thus 1600 is a mul- 
tiple of 400, for 400x4==1600. But every 100th year, which is not a 
multiple of 400, is a leap-year in old, but a common year in new ſtyle: 
Thus 1700 is not a multiple of 400, for there is no number, which mul- 
tiplyed into 400, will produce 1700. The account of new ſtyle began in 
the year 1582: and at that time, as has been obſerved already, there was 
a difference of 10 days between old and new ſtyle. The year 1600 did 
not encreaſe this difference; for the year 1600 is a leap-year both in the 
julian and in the gregorian account. Therefore the difference continued to 
be 10 days from the year 1582 to the year 1700: and then the difference 
became 11 days. For the year 1700 was a leap- year with us, who uſe 
the old-ſtyle ;. but was a common year with the foreigners, who uſe new 
ſtyle: ſs that we intercalated a day, where they intercalated none: and: 
conſequently this difference of 1 day added to the former of 10 days made 
their account differ 11 days from ours. This difference will continue 
till the year 1800. The year 1800, becauſe it is a 100th year, will be a 
leap-year with us; but, becauſe it is no multiple of 400, it will be no leap- 
year with thoſe, who uſe new ſtyle. Conſequently as at that time we 
| ſhall intercalate a day, when they make no intercalation, this will make 
another days difference between old ſtyle and new ſtyle; fo that then 
they will differ 12 days. For the fame reaſons this difference will be 14 
days in the year 1900. But the year 2000, becauſe it is a rooth year will 
be a leap-year with us, and becauſe 2000=400 x 5 or is a multiple of 
400, it will likewiſe. be a leap- year with them. Therefore the year 20a0, 
will not encreaſe the difference between old ſtyle and new ſtyle. 
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„„ n of 23 days every third year. But there is another method 
1 3 fixing the beginning of the lunar year; and that is by intercalating 7 
months in 19 years: of which months 6 are to conſiſt of 30 TION. 1 
of 29 days. One lunar year of 354 days is about 11 days ſhorter than a 
. year. Therefore 19 lunar years are 191 1 days ſhorter 
pu: hy anos years. Conſequently if 209 days are added to 19 lunar 

ſum will be equal to 19 tropical years. Now 6x30==r80 z ot 
ee of 30 days each make 180 days; and if to theſe we add 1 
month of 29 days the whole will be 180-+29==209. Therefore, if in a 
courſe of 19 lunar years, 6 months of 30 1 s and 1 month of 29 days 
are intercalated, the 19 lunar years with intercalations will be equal 
to 19 tropical years. By thiew means at the end of this cycle of 19 years 


the lunar year will begin with the tropical year. Theſe months are inter- 
calated, whenever the difference between the lunar and tropical years a- 


mounts to a month, or more than a month. Thus in the firſt year f 
the cycle the difference is 11 days: in the ſecond year of the cycle the 


difference is 11 days more, or 22 days in all: in the third year che diffe- 


| renceis 11 days more, or 3 3 days in all; but as this difference amounts to 
more than a month, in this third year of the cycle a month of 30 days 
is added to the lunar year; which leaves the difference between'the lunar 


and ſolar or tropical year only 33—30=3 days. In the fourth year of 


the cycle the difference will be encreaſed 1 r days, that is, it will then be 
3＋ 1114 days: in the fifth year it will be 144-11=25 days: inthe 


ſixth year it will be 254+11==36 days; but then again in this'year a 


month of 30 days is added to the lunar year, which leaves the difference 
36-30 6 days. If the 7 months are intercalated by this rule, the in- 
tercalations will be made in the 43d, 6th, gth, 11th, 14th, 17th, and 19th 
years of the cycle. Only in the 19th year the difference amounts to no 
more than 29 days, and for that reaſon the month of intercalation con- 
fits only of 29 days inſtead of 30. 

The difference between the ſolar and lunar years in each year of this 
1 after the proper intercalations have been made are called the lunar 


epacts. 


8: : and we have ſhewm in pro- 
ſpect of the ſeaſons, by . month of 22 days every ſecond year 
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14, and ſo on to the 19th or laſt year of the cycle, hen thee epats are 


293 and by denen 29 days at the end of the- en yea 


difference between the 


lar and lunar years becomes nothing. 4:28 


, the 


In 19 lunar years confiſting of 12 lunar months each, there are . . 
| =228 lunar months, if to theſe we add the - months that are intercala- 


ted, there are then 228--7=23 5 ſuch months in all. Now as 235 lunar 
months are equal to 19 ſolar years, it follows, that whatever day of the 


ſolar year a new moon fell upon in the firſt year of a cycle of 19 years, a 


new moon will fall again upon the fame 7 the firſt year of the next : 


cycle of 19 years; that 1 1s, after a period of 19 years the new moons re- 
25 to 92 ara in the ſolar year. Meto, who invented this cy 


ſeems to have imagined that 23 5 unar months were exactly equal 75 15 


ſolar years, ſo that the new moons after ſuch a period would return not 


only to the ſame day but to the fame hour and minute of the day. In this ; 
however he was miſtaken : for in 19 ſolar years there are 6939 days 18 


hours, whereas in 235 lunar months there are but «3.0939 days, 16 hours, 
32 minutes, 28 ſeconds. Therefore 19 ſolar years are 1 hour, 27 mi- 
nutes, 32 ſeconds, or about an hour and a half longer than 235 lunar 


months. For this reaſon 19 ſolar years will come round 1 = hour ſooner | 


than 19 lunar years with their proper intercalations, or 1 : hour ſooner 
than 23 5 lunar months. Thus ſuppoſea new moon was to happen} jan.2oth, 
at 10 O0 clock, in 19 years time a new moon will happen again jan. 20th, 
though not at 10 o'clock, but 11 hour ſooner, or at; hour after 8: in 19 


years more a new moon "wal happen a again jan. 20th, though not at £ hour 


after 8, but 11 hour ſooner, or at 6 o'clock. Now if the new moon hap- 


pens 13 hour ſooner i in every cycle of 19 years, then, ſince 16x1 5 hours 
=24 hours or one whole day, it follows that after 16 cycles or 16x19 
==304. years the new moons will happen a whole day ſooner, Thus if, 
as before, a ne moon happens jan. z th at 10 o'clock, in 304 years time 


the new moon will happen jan. 19th at 10 Oo clock: in 304 years more 5 


it will happen jan. 18th at 10 o'clock: and ſo on. 

When the uſe of this cycle was firſt introduced, the new moons in the 
firſt: year of the cycle happened upon jan. 23d. feb. 2 1ſt. march 23d &c. 
For this reaſon in the firſt column of the calendar the figure 1 is placed op- 
poſite to theſe days, and to all the other days, when a new moon happen- 
ed in the i year of the cycle. The new moons happened in the ſecond year 
of the cycle upon jan. 12th. feb. 10th. mar. 12th, apr, 1oth &c. There- 
fore 2 is placed? in the firſt column of the calendar oppoſite to theſedays, od 
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planets, are as the cubes of their middle di jap, Ag 1 
turns periodical time is to jupiters periodical time hour: as 30 to 12, by 
poſitions 113, 114 the ſquares of which numbers are goo and 144. 1 
diſtance of ſaturn from the ſun is to the diſtance of jupiter from the ſun, 
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wich retains the moon in its orbit, is, at 4 


upon the moon. At 
fun diſturbs the moons motion: 


but tha auhich by 
center, it would. 


by gen” poles 'of 
| urges the moon towards the ea and retains it 


in its orbit, is, at different 
of * Ff 


mooon is retained in Its orbit þ the force of "gravity, + 1 
We 8 oved in propoſition 105 of mechanics, that a heavy body, 
"i it was as far off from the carth as the moon is, would deſcend by 
force of gravity through 1 rod or pole in a minute of time. And here 
we will prove farther, in order to prepare the way for the demonſtr 


of this propoſition, that the centri force, which urges the moon to- 
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moon deſcribes its whole orbit in 27 days, 7 bours}49minutes/by 
RT ai if 27 days, 7 hours, 43 minutes are reduced to m. + 
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deſcribe LD. in a minute. From hence then it ap ars thai 1 
| BC, is the ſpace through which the force, that retains the moon in its of 

bit, would make the moon fall Rey the earths center in 1 minutes 

1 ſine of the arc LC: and LC is an arc of 
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center, is ſuch an one, as would 5. the moon 
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SBravity is a qualit 
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exiſts in nature, and has 
y, which belongs to the : and gravity has likewiſe h 
ſhewn to be a cauſe ſufficient to retain the moon in its orbit. There 
gravity is the cauſe, which produces this effect, or gravity is the oentri- 8 
Petal force, which retains the moon in its orbit. e , Lp pd 
|  otherwile. ' he moon has gravity, or the moon gravitates towards „ 

the earth as other heavy bodies do. And the force of gravity would make 
the mcon fall W earth through 1 pole in a minute. But the cen- 


tripetal force, which retains the moon in its orbit, would make the 
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| moon fall towards the earth throu gh 1 pole in a minute. Therefore there 
is no other centripetal force, that acts upon the moon to retain it in its orbit, 
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culars exactly ſimilar to the revolution of the moon round the ear 
it is a rule of true philoſophy that all effects, which are 
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its orbit by its gravitation towards ne earth. 
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action of 5 you in Ga. direction 180 may be reſolved into two | 
of which one is LB parallel and equal to TS, and the other, | 5 


his part LT acts in the ſame direction with the moons gravi 
wards cage earth, and is the addititious force, by pr ro 


eſent the whole force, with which 
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L Ter dhe aides fes to On Dy vita- 
-as LT to LS, But the earth at T and the | moon * 


uelly towards the ſun. There 


_ ' towards the ſun as LT to LS, or as LT to TS. Since LS and _ 
_— 5. equal. Thus we have ſhewn that the addititious force is-to the 


dende gravitation towards the ſun as a ſemidiameter of the lunar orbit to 
2 ſemidiameterof the earthsorbit; for LT isa 3 of hw . 
A3  narorbitand TS is 8 ſemidiameter of the earths orbit. "$488 
emden prove chat the ablatitious force is double the addi. 

_ ritious force, ve muſt ſhew that the ablatitious force is to the carths g - 
3 Vvitation towards the 71 as à diameter of the lunar orbit to a ſemidia- 


1 | theter of the e carths orbit. or as 2LTto TS, * aud the pawl ws 147 0 
3 the fun * TS Aue the 


n 1 eat 


of TS Tg 451 4 is, as. 


8 fan, inverſely as the ſquar 
ELD, _ rk or as the of CS to reof TS, 

|  - poſition 22 of mechanics. Therefore if we can find — lines, a 
8: another as the ſquare of CS to the ſquare of TS, then theſe lines Will 
Hike wie be to one another as the earths gravitation towards the ſun to the 
maoons gravitation thirher: ſo that, if one of theſe lines is put to repre 
=. ſent the force, with which the ſun attracts the moon, the other will re- 
1 preſent the force, with which the ſun attracts the earth. We will therefore 
endeavour to find two ſuch lines. The two lines are CS and OS; for CS 
3 is to Os as the ſquare of CS to the ſquare of TS. This we prove in the 
x following manner. e . 
| „ ee quantities CS, TS, Os, are in arithmetical progreſſion, their 
—_.  - common difference is TC or OT=TC: CS is the firſt of theſe quanti- 
ties, CS ETCs is the ſecond, and TS+OT=OS is the third: where 
. becauſe TC and OT are equal, as being each of them ſemidiameters of the. 
1 lunar orbit, it is plane that the third quantity exceeds the ſecond juſt as 
TT .  .-1t; © . the ſecond exceeds the firſt, or OT the difference between 
| the third and ſecondis equal to TC the difference between the ſecond and 
| * firſt, This is what we mean by faying that theſe three quantities are in 


* 


_— : $ : - G ! x F 
AT | $ * 
— 
1 
5 M 
1 
N # 2 5 4 # 
BY 2 
4 4 * % 
3 N , 5 
* 
_ - | 
' 7 4 
| . 
$i . . 
* 
= p \ 
1 ; . 
| - 
y # 
+4 „ | , * % ; F 
7 ; % "P # 
1 
9 „ 
Fg a 
. 
5 


42 7! 
ee 


+ third and ſecond; and x is likewiſe the d 
nd undd firſt. We are to " obſerve. 


W : Care's 'of che 5 
us in the three nut 


Stuniderſons uc treatiſe of 
difference 1 is vety ſmall i in. 
if one of the | 1 is encreaſed ſo 
the two 
that they were in before fach — te ut: Thus in the 
bers 342, 343, the difference 2 3 ſmall in compariſdn of 
bers themſelves: if we encrea y adding i to it, this will make the 
difference double what it was before : und the numbers after this altera- 
tion are 342, 344. But the m 342, 344, are nearly in a duplicate 
ratio of 342 to 343, or 342 is to 344 nearly as the ſquare of 342 to the 
ſquare of 343 3 or 342 is to 344 nearly as 116964 to 117649. So like- 
wiſe in the two quantities CS and TS the difference IC is very ſmall in 
compariſon of the quantities themſelves: and if we encreaſe TS 7 adding 
to it OT==TC, the quantities will then be CS and OS; and theſe quanti- 
Vor. II. X XxX ties 
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Therefore che ablatitibus oer is to the 


d enbit. From hende it follows that the ablation 
in conjundtion is double the addititious force 3 in 


. esp 1 TS adage eridinineme 8 ofthe kenne fan. 
— of the earths , Rea at) 1h SHGEfY on 


x the moon is in 


FS 
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ve gravi 
3 the ſun will dae GE of their diſtances e 
poſition 22 of mechanic chat is che mbons-gravitation towards: 
will be as much leſs nem gravitation towards the ſun, as the 
gare of TS is les than the ſquare of 08: ſo den rea find emo in 
W which are td ont anather as the T8 
two lines will be to one another as the moons vitation a towards 'the 
ſun is to the carths gravitation towards the fun. Make OTO. Then 


1 the three quantities, TS, OS, and MS, are in arithmetical ptogreſſion; 


LY 


: 5 MS exceeds Os juſt as much as OS exceeds TS; the di erence b 
f . Ms and O8 is MO, and the ciflegence between OS and TS TO==MO. 
= Therefore MO or its equal T. TO the 
= common difference is rr in Werren of Ts the erte diftance 
1 fromthe ſun, and conſequently is very ſmall in reſpect of OS or Ms. There- 
; fore the three quantities TS, OS, and MS, are nearly in geometrical pro- 
= Rgreſſion; ſothat thefirſt is tothe third as the ſquare of the firſt to the ſquare 
= ofthe ſecond. TS is to MS, nearly asthe ſquare of TS to the ſquare of OS. 

 —_— I herefore TS is to Ms as the moons gravitation towards the Ln is tothe 
= _ earths gravitation towards the ſun; or the ſun 8 attracts the moon at O 
bo = a5 much leſs than it attracts the earth at T as TS is leſs than MS, The 
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F ee e de rap gravitation) — the ſun, as MT | 
is to MS; ora MIT t FS nearly; becauſe Ms is nearly equ 44 to 78. 
Now M is equat ta 20, or ts erer of ths len- orbit, by the 
e and conſequently-the ab t Err tie in to the 
dia ror of hweanttoodit Bit the adds us force in quadrature 
dra t eee ee SL a Emil ameter of 
amidiame er of the. a Ine Therefore the ab- 
A Eten 3 on unction and 
gouble tbr eee drature,- 


in oppoſitio For we have Gown that the abla- 
a force in conjunction ee gravitation towards tie ſun as 
C85 — — Rin oppoſition is to the earths 
itati rards'the- fur a MO to MS: But CS is leſs that MS. 
? great rtion to Es than to Ms, or the ab- 
latitious foros in conjunction bears a great proportion to the eartlis gta- 
vitation towards: the ſun, than.the ablatitious fotce in oppoſition bears to 
it. Eus. b. V. prop. 8. Now the earths av ation is the fame whether 
the-moon. is ngen 0s poſition... Therefore ſince the ablati- 
tious force in conjunction bears a greater prop 1 tot gravita- 
tion, than tlie. ablatitious force in pe bears to che ſame quantity, 
it follows that the ablatitious force in conjunction is ſomething greater 
than the ablatitious bros in oppoſition, Eve: b. V. prop. 10. 


417: The addititious farce is day an the moons diftance fromthe earth; 
and inverſely as the cube of: Wear diftance: from: the ſum 


_ Firſt; ſuppoſe the eartlis diſtance from the ſun or TS, Plat: XXIX. 
fig. 10, to. be given: then tlie addititious force will encreaſe or decreaſe 
in the ſame proportion tliat LT enere! ſes or decreaſes; that is, the addi- 
titious force is directly as L T the mons diſtance from che eartil. 18 the 
carths diſtance from the ſun is here ſuppoſed to be given; and conſequent- 
ly the earths gravitation towards the ſun is given, becauſe this gravita- 
tion at an equal diſtance will always be the ſame. But if TS is given, then 
as LT encreaſes.it will bear a greater proportion to TS, and as LT de- 
creaſes it will bear: a leſs proportion to TS. Euc. b. V. prop. B. Now - 
the proportion, which I. T bears to TS, is the proportion, which the ad- 
22 ä force bears to the eartlis gravitation towards the ſun, as has been 
XXX2 pro- 


and a LT 5 — the ain ſos will bear leſs proportion to to thr > 
gravitation. But fince;T'S gy | ur ales perthe gr 44 
Ann fore as the addititious force; 


10. And conſequently the additions foros: nereaſes 
and decreaſes as L. Te ac reales ; Ne wow 1 
given, is directly as L. T the moons d ſtance from the yk eee 
FSecondly; ſuppoſe LT the moons diſtane pr ä | 
then the en force will be. inverſely as-the cube of TS the So 5 
towards the ſun, 4 LT to TS, as has been ſhewen in prop gere f 


Therefore ib it w was poſſible for the carths gravitation towards the fun 10 i 
encreaſe, whilſt LT and TS continue of the len 
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titious force muſt neceſſarily encreaſe in the ſame Proportion with that 
gravitation. For ſince the addititious force is to the earths gravitation as 
LT to T8, and ſince by the ſuppoſition LT and TS. are invariable quan- 


RE tities, or the proportion of LT to TS is given; it follows that the pro- 


portion of the addititious force to the eartl 233 is given too; and ä 
cConſequently, if the earths gravitation encreaſes the addititious force muſt 


encreaſe, for otherwiſe the proportion between t would vary. And 


for the ſame reaſons, if the earths gravitation was to decreaſe, the addititious 
force muſt decreaſe in the ſame proportion. Therefore we may ſay, that 
the addititious force is directly as the earths gravitation towards 5 ſun. 
Indeed when the earths 25 Wat is varyed! it is impoſſible that the ſup- 

poſition we have made ſhould be true: becauſe the earth gravitates more 
or leſs, from being nearer to or farther from the ſun. Therefore TS can- 
not continue of the fame. length, whilſt that gravitation varys. Howe- 
ver the ſuppoſition has rw to lead us tothis concluſion, that by. what- 

ever means the earths gravitation towards the ſun yarys, the addititious 
force will vary in the ſame proportion. Now the earths gravitation to- 
wards the ſun. is inverſely as the ſquare of its diſtance from the ſun, 
Therefore the addititious force is inverſely. as the {quare of the earths di- 
ſtance from the fun, But this is not all. Suppoſe it was poſſible for the 
earths gravitation towards the ſun to continue the ſame, whilſt TS. the 
earths diſtance from the fun varys: then as TS len othens, LT will bear 
a leſs proportion to it, and as TS ſhortens, LT will ear a greater propor- 
tion to it. Euc. b V. prop. 8. But the addititious force is to the earths 


gra- 
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Ei 5 e e 
as T'S ſhortens, the addititious force rs a greater proportion to the earths 
gravitation. ” But the eat gravitation is here ſuppoſed to be a given quan- 
tity... Therefore the addititious force muſt decreaſe, when it bears'a leſs 
apes rnd ar and muſt encreaſe when it bears a 


e uantit Conſequently the addititious 
| length e ages 18 Rebe that I 88, 
the addititious: force is inverſely as T8. Thus we have ſeen that the ad- 
en bares 4 is inverſely as the ſquate of TS, "becauſe the earths gra- 
9 towards the ſun varys in this proportion; and that the addi- 
1s farcs in-line e inverſe] as TS, becauſe the proportion of LT to 
TS is inverſely as TS. fore upon both accounts together the ad- 
beck . inverſely as the Senn of TS and inv ſely as TS: and 
Proportions eom the in e proportion o | 
$3 6 that the addiiniows force is inverly avthe cube of FS. Thus cal : 
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| force is as 20 on one account, and: as. r upon 
che other account. Therefore upon both accounts together it is as 
Ibn, or as the reciprocal of the cube of x, that is, reciprocally as 


the cube of TS the earths diſtance from the | fan, becauſe d we Le 
TS. 


41 118. The ane ert is "ay as Or moons wy ah from the earth, 
and inverſely as the cube of the earths diſtance from the fun. EDS 
The double of any quantity is varyed in the fame proportion with the 
quantity itſelf. Now the ablatitious force is double the additious force, by 
propoſition 416: and the addititious force is directly as the moons diſtance 
from the earth and inverſcly as the cube of the earths diſtance from the 
fun, by propoſition 417. Therefore the ablatitious force is likewiſe di- 
rectly as LT, Plat; XXIX. fig. 10, the moons diſtance from the earth and 
inverſel as the cube of TS the earths diſtance from the . 
We have now explaned the manner, in which the fan acts upon the 
moon to diſturb its regular motion round the earth, The moons motion 
is diſturbed; or its inequalities are produced, partly by the addititious and 
partly by the ablatitious force. We are next to enquire what inequalities 
are produced by theſe cauſes, And firſt we will ſuppoſe that the plane of 
the moons orbit coincides with the plane of the ecliptic; that it is a circle, 
and that the earth is placed in its center. The inequalities, which would: 


* produced upon this 9 belong to the firſt claſs of the four 
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tion towards the ſun; it follows that if y nr 


of them groxiated hither at all Therefore this art; 

will produce no Din in the moons motion. 

Phe moon drawn to the earths center deſcribes equal ar 

in eme by propoſition 1 159 of mechanics; becauſe the force of 
avity, which. retains.1t, in its orbit, impells it towards the; earth But 

he addititious force'impells it likewiſe towards the earths center, oY 

fition 414. Therefore when the moons centripetal force i is made up of its 


gravity. towards the earthand the addititious force together, this compound 
centripetal farce. will impell the moon tawards: the; earth dentar: and 


conſequently. the moon, hy Rn .centripetal force will ſtill con- 
$1131 4 a radius. drawn to the Thr Arn in equal times, 
by propoſition. 1.59 of, nics. But, if the moon continues to deſcribe 
equal areas. in equal times, notwithſtandin ay addititious ſorce, then this 
force can neither accęlerate non retard. it: if it was accelerated, it muſt 
then deſcribe. greater areas than. uſual. in a given time; and if it e 
tarded, it muſt then deſcribe leſs areas than; uſual in the ſame time. 
But the ablatitious force. does not act towards the earths center: when 
the moon is in that half of its orbit, which · is neareſt to the ſun, this 
force acts towards the ſun, by propoſition 415. Now when the moon 
is in this half of its orbit QCL, Plat. XXX. fig. 1, and is moving from 
©.quadrature Q. to the conjunction C, it approaches the ſun; and as the 
ablatitious force acts towards. the ſun, it; will in part conſpire with the 
moons motion, and therefore will accelerate it. But as the moon in the 
ſame half of its orbit is moving from the conjunction C to the quadrature 


. ge ir ar aan e che werde nd eker will rev 
it. When the moon is in the other half of its orbit, I ig. 2, whic| 

Mi fartheſt from the Jun, heablatitions force aCts from the zun, by pre 
ſition 41 f. But as the moon is Moving in this half of its orbit ; 


wore 1, to the oppoſition O, it depart from d the fun. Therefore 
the e Shree in perk nſpirin motion 8 


mo 0 bg moon ee : oppoli 


will W it. This b che e eee any where between 
1 and ſyzygy, or between ſyzygy and qu 12951 
Indeed as the ablatitious force, when he moons ee 
Cor in oppoſition O, acts directiy from the earth; the remainder of the 
moons gravitation, when this force is taken from n it, wil reden 
towards the earth: and as this remaindet i 18 then ch moons cent 
force; the moon in either ſyzygy will, by its centripetal force, be im 
pelled towards the earths center, and conſequently 3 in oppoſition and con- 


junction, as well as in quadrature it will ara dy utah in equal 
times eren the earth, ** Propoſition 1 59 of mech 2 


2 «velit is the great in Hg, and cho be in u 


This follows from propoſition 419. -Bor as 88 js conſtantly ae- 
ves fro re to ſyzy; and is conſtantly retard- 
ed as it moves from foavey to quadrature, its velocity muſt be the greateſt 
in 0 22 er, ryan en een and al the kalt in quadrature, w woe 
| 3 on $49 | 


421, The curvature. of . moons obi: is the + great in quadrature and 
+, the leaſt in eng. 
The more the moons courle is boon 7 a right lee; the 1 
the curvature of its orbit; and the leſs its courſe is bent from a right line 
the leſs is the curvature of its orbit. No, if the centripetal force is given, 
the moons courſe will be moſt bent from a right line, where its velocity 
is leaſt: becauſe in rtion as its 'velocity 3 is leſs, its moment will be 
leſs ; and the leſs moment it is moving with, the more a given centripe- 
tal force will chan right line, For 


ge its direction and bend its courſe from a 
a like reaſon where its velocity is the greateſt, its moment will be the 
* and a given centripetal l bend i its courſe leſs from a right 


Une. 


wg. 


. propoſition 420.. Therefore a 


* piano wil ma 4 Ns 0 bit 
more curve in quadrature and leſs curve in . fo 2 5 Fa 1 Rd 
+, oo nt lan nora, + For if ogy RR the ſame t 


mW e 
| W oebi leſs curve. There vaty 
in quadrature and leaft in ſyzygy. 1 3 
Thus we ſee that there are Eten 6d e curvature of the or. 
bit ſhould be 3 
the moons. velocity is leaſt in eg. and greateſt in e and fe- 
| 8 becauſe the PER Ns is SO in e and in 
1 525g. in TOE] hs ot 7 —_ | 


422. The moon is le 5 the 0 in quadrature this its in 3 


If the moon by the force of gravity alone was, to deſcribe a circular 
orbit having the earth in its center; the ſuns diſturbing force would c 


the figure of the orbit: for the moon acted upon by the ſun 8, Plat. XXX. 
fig. 3, would be farther from the earth in 0 uadratures Q and L, and 
nearer to it in the ſyzygies C and O: fo that the orbit woul put on an 
_ elliptical form, QOLC having the earth in its center, the longer axis QL 
in the quadratures, and the ſhorter axis OC in the ſyzygies. This may 
appear a fort of paradox; becauſe it will be thought unlikely that the 
moon 258 foals be fartheſt f from the earth in the quadratures, where, by 
propoſition 407, its centripetal force is the greateſt, and neareſt to the 
earth in the ſyzygies, where its centripetal force, by opoſition 408, is 
the leaſt. But to explane this ſeeming paradox it ſhould be obſerved, that 
the diminution of the moons centripetal force in the ſyzygies is the reaſon 
why it is fartheſt from the earth in the quadratures: and is encreaſe of the 
_ centripetal force in the quadratures is che reaſon why it is neareſt tothe earth 
in the ſyzygies. Thus when the moon is in the conjunction at C, it is leſs 
impelled towards the earth than the force of gravity would impell it thither, 
by propoſition 408: and conſequently it will run out farther from the 
earth, than it would have done, if it had been ated upon by the force of 
gravity alone. So that when it arrives at the next W L, LT its 
diſtance from the earth will be Oy than 1 it would have been, if its mo- 
tion 


nd: its 22 lefs 1 a 2 55 ne, or "will nike ; 
efore the curvature of the orbit will be greateſt 


greateſt in quadrature and leaſt in-ſyzygy': firſt, becauſe 


193. 
But inn is at the 
er : WA 6"y hart 2 CE 
gravi ne wou impe it thither, tion 407: and conſe- 
gary its courſe will bemore'benttoy = dank weil keep ap- 
proaching nearer to the earth; than if the force of gray rity alone had acted 
upon it. So that when it arrives at O the oppoſition, O its diſtance from 
* r will be les, than if the ſun bad not diſturbed its motion. In 
like | paſſes from the oppoſition O to the next qua- 4 
force, which diminiſhes its tendency towards 
run farther; off from the earth than it would have 
done othe iſe: and this will make QT its diſtance from the earth in tlie 
quadrature Q greater, than it would have been, if there had been no ſuch 
ablatitious force, And as the: moon paſſes from the quadrature Q to the 
conjunction C, the addititious force, which encreaſes its tendenc) ä 
the earth, will make it — A pproaching nearer to the earth, "thin 4 it 
would have done others con quently C its diſtance from the 
earth in the conjun&tion C ill be lefs, | * 0 uld have been, if there 
had beed no ſuch addititious force. tp 
Theſe are the principal incq alities, which the fun wenll, produce 3 in 
the moons motion, if the par pug meet the earth was in its cen- 
ter. Indeed) the orbit is elliptical and-the earth is plaged in one of the fo- 
| | | | will not happen exactly in ſuch a manner 
as we have been deſcribing. But ſtill ir in an el nm, theſe 
inequalities are to be allowed for. T 
Thus in an an elliptical orbit having the much. in one of its n the 
velocity will be the greateſt in perigee and the leaſt in apogee: 
refore, that in any conjunction it ſhould be in apogee and 
y quadrature it ſhould be in perigee: the moons velocity in 
duch . —— will be leſs than in uch a quadrature. But ſtill the 
inequality deſcribed, in propoſition. 420, muſt be allowed for: the moons 
velocity in that oonjunction, though it is not greater than in the quadrature, 
will be greater, than it would have been, if the ſun had not diſturbed its 
motion. And though its velocity in ſach a quadrature is not leſs than in 
the co njunction, yet it n be, lels than, it would have been, Schere Had 
been no ſuch inequality. - 
In a circular orbit t moons inequaiy, 0 deſcribed i in propoſition 421; 
would make it approach to the carth in conjunction or oppoſition, and 
depart from it in quadrature. But ſuppoſe the moon in an elliptical or- 
bit to be in apogee at conjunction and in perigee at quadrature: then it 
will be farther from the earth at conjunction than at quadrature: yet 
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Thus all the ties hithert Webs tobe ee in an 


elliptical orbit: chough they will not take place in the manner ve 

eſcribed them unleſs the moons orbit was circular and the carth'wasin 

its center; yet with this reſtriction, if all other circr are alike, 
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cuntracted, when the earth 6 is in 


| The ſuns attraction changes the moons wentripeul 1 the ablariivus 
force diminiſhes and the addititious force encreaſes the 1 tenden 
towatds the earth, by propoſitions 408, 4% But the ablatitic 
greater than the addititious force; by pr 416, "Tinreſore' 
taken together, or by the ſans aura 


orces Won, the moon is made to tend 
leſs towards the earth, than it would do if there was £10. other foroe acted 


upon it beſides its own gravity. Theſe e 

earths approach to the an, and are the 

they decreaſe in the carths — and are the caſt „when 
it is in aphelion, by prop. 417, 4x8. e bande anna theſe; for- 
ces taken together the moons tendency is diminiſhed, it 


follows, that when'the earth is eme iy moon is leaſt impelled 
towards it, and when it is in aphelion, the moon is moſt impelled towards 
it.” Now fince the force, ich the moon :s attracted towards the earth, 
decreaſes as the earth paſſes from aphelion to perihelion, the moon will 
keep receding farther from the earth, or the ſemidiaimeter uf i its orbit will 
encreaſe. On the contrary fince the force, by which the moonis attracted 
towards the earth, encreaſes as the earth moves from aphelion to perihe- 
lion, the moon will keep approaching to the earth, or the femidiameter of 
its orbit will decreaſe. Thus the ſemidiameter of the lunar orbit anti con- 


ſequently the orbit itſelf, will be 4 8 when the earth i is in 
and leaſt when it is in aphelion, 
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time would decreaſe in he ime proportion, that its — is 
Secandiy, Jetui-apalenbet Lud vary d, ſo as ta be ſ ometim greater 
and ſometimes leſs; and that no other alteration was made in the moons 
centripetal force or gravitation tawards the earth, than what ariſes from 
an enereaſe or decreaſe af its diſtance LT. Nov the moon 1 in theſe chan- 
ges of L I revolves ſometimes in a larger orbit at a greater r diſtance from 
the cath, nd ſometimes in a ortitat a leſs diſtance. And the 
avit accardingito uppoſi eee 
wards = — — as the quases of — diſtances. Therefore, 
by propoſition 171 of mechanies, the ſquare of the moons periodical time 
will vary as the cube of LI its c — earth varys. 
When the earth is paſſing from aphelion to perihelion the moons cen- 
tripetal foree is diminitthed upon a — — firſt the ſuns diſtur- 
bing — — by propoſitions 427, 418 : and we have ſhewn, in 
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periodical 752 SED a double ns will de ak e 
the inverſe proportion of the encreaſed centripetal-force,-andin 
_ oportion of the cube of encreaſed diſtance from theeart. . 
Thus we ee have ſeenthat the ſquare of the moons peri odical tim 
For whilſt the earth paſſes from 2 to 
whilſt the earth paſſes fro nes thelion to aphelion. 80 Wasen . of 
the periodical time and conſequently the periodical time itſelf will be 
greateſt when the earth is in in peridelion, and I KI in oat 24M 
lon. 20; 
But if this is the x pro ion, in which the ſquare of the moons peri- 
adica] time is varyed, if it is inverſely as the moons centripetal force and 
EI. cube of its diſtance from the earth; we may from hence 
deduce the proportion in which the periodical time itſelf is —_— But in 
order to do that, it will firſt be renn mean by a 
ſeſqpiplicate or ſeſquialteral ratio. | 

If there are four quantities, which we will call X, x, 25 2, Ws the 
ſquare of the firſt is to the ſquare of the ſecond as the cube of the third is 
to the cube of the fourth, ſo that XX is to xx as. Z Z Z to.22z, then the 
firſt 1 is to the ſecond in aſe iplicate ratio of the third to the Wurth, * 

is to x in a ſeſquiplicate or eſquialteral ratio of 2 to 2. The ratio of XX 
to 
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riodical N is —— as that 1 — Therefore he Deriodi 
cal time will be inverſely as the {quare root or in an inverſe ſubduplicate 
ratio, of the earths — power or the moons centripetal force at a 
given diſtance. We have p — likewiſe that the moons diſtance from 
the earth is greater in perihelion than in aphelion; and that, in conſe-. 
quence of this the ſquare of the moons periodical time is directly as the 
cube of its diſtance. Therefore the peri ical time will be in a direct kb 
quiplicate ratio of the diſtance. 
'Þ rom hence it follows that upon the whole the moons ns periodicaltime 
in perihelion and aphelion. will bevaryed in the inverſe ſubdu plicate ratio 
* the earths. attractive force, and i in a direct ane ratio of e 
moons diſtance from the earth. 
Me are now come to the third fort 75 inequalities. in the moons mo- 
tion. The moons orbit is an ellipfis having the earth in one of its focuſes, 
And there are ſome of the lunar inequalities, which ariſe from this mer a 
ticular form of the orbit and this particular poſition of the earth. 


42 5. The moons orbit i is a moveable ellipfis : its longer axis revolves the ſame 
way that the moon does, when the moon is in ſyzygy, and revolves the 
contrary way, when. the moon is in quadrature. 


If 


: — ap dee 
3 an & 


. ee t ef Din . 
a 5 70 95 50 tht a the ta 
16; 9. Bot whit th a | | 
575 „ 55 che ablatitions foros ill encreaſe in the 
975 Nor i * . whichezpreſ 


peru n cv 1 t't 
dhe numbers 22, 12, 4, decreaſe falterthan the x 
e Fored Wh 


* a dr ms, From the feier of te ein ics, . 
ſquares'of the diſtances, the remainder or the moons force will 
decreaſe faſter than the {quares of the diſtances inverted, or faſter than 


in an inverſe duplicate ratio of the diſtances. Thus wre have proved that 


the moons centripetal force, when it ! 1s OD „ 'Gecreales aſter: than 
the foree-of gravity; as che moon departs e earth: and, in;propofi- 


tion 175 of mechanics, we have ſhewn 8 any force, Which decreaſes faſte 
in the moons departure from the earth, will encreaſe faſter in its approach 
to the earth. Therefore when the moon is in ſyzygy the ablatitious force 

makes the moons centripetal force decreaſe and encreaſe faſter than the 
force of gravity, or faſter than in an inverſe duplicate ratio of the moons 
diſtances. But ſuch a centripetal force will make the moon deſeribe a 
moveable ellipſis, whoſe longer axis will revolve the fame way with the 
moon, by 2am; 175 of mechanics, Therefore when the moon is 
in 


7” 


diftanis, —— which is inverſely machi-raret af the 
diſtances, ——ů "moans centripetal ——— decreaſe flower 
invented, or flower than in an inverſe 
— ——— 


| ſtances ee nee 
3 2 ellipls. whole longer 
axis will move the contrary way to the moon, by propoſition 196 of 
— Therefore when the moon is in quadrature, its onbit is ſuch 


lipſ 5; the line of in wat W re enen ht nuns. 


466. The = 5 the 22005 3 es mare, | when the moon 5s in 
Hees, than it goes de when the moon. is in guadreture. 
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ETC the moans diſtance fr | rom the earthi in one ſyzygy is AT the 
ſtance, and in the other ſyzygy it is BT the leaſt d Nance. The 
this ſituation of the lunar orbit he moons diſtances in the two ſyzygies - 
differ the moſt that 8 poſſible: and. or that reaſon the. centripetal i ce, 
as the moon paſſes fr m one ſyzygy to the other, will. vary the me 
and the effect of its varying by a different law from the force of. 2 
will be the greateſt. But one effect 2 the law, by which the centripets 
force varys, when the moon is in ſ Zygy, is the enereaſe of the moons 
eccentricity. Therefore in one revolution of the moon, when the lige og 
the apſes is in ſyzygy, either at AB or at GH, the eccentricity of the 
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